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PREFACE 

WHEN invited to write the present work I felt 
that I had little information to impart that was 
not already contained in one or other of the numerous 
excellent works on automobilism already published. 
And now that it is written, I make no claim to teach 
the already technically instructed — still less the great 
army of "experts" — anything new, being still the 
merest student in the great school of automobilism. 
Indeed, the former have no need of, and the latter 
would probably resent, anything of the kind ; so beyond 
making a few suggestions here and there, based on my 
observation of recent practice, I have made no incursion 
into the theory of the subject. Nevertheless, much as 
a second or third year's man may bequeath his lecture 
notes of the previous year to a junior student, and thus 
materially assist the latter, I felt that I might approach 
the apparently sacrosanct subject of automobilism from 
that standpoint, and so produce a work of possible use 
to the motor-purchasing public ; the more so that it 
would be the result of personal experience and several 
years of careful observation. Furthermore, being ac- 
quainted with most of the existing works on the subject 
— English and French — it appeared to me, speaking 
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from the student's standpoint, that while some were 
more historical than technical or representative of 
modern practice, others sketchy and circumambulatory, 
and still others technically far advanced and presump- 
tive of much previous knowledge, there was perhaps an 
opportunity for a work which, while historically accurate 
so far as I could make it, should also describe how and 
why motors of various kinds work and how they are 
typically constructed as a prelude to the study of the 
numerous excellent works and newspaper articles on 
driving them, or better still, to actual driving practice. 
We are fortunate, of course, in having such inestimably 
valuable journals as The Autocar ^ The Automotor Journal^ 
La Vie Automobile, and others to bring the latest in- 
formation — theoretical and practical — to our grasp week 
by week ; but in their quality as newspapers it would 
be too much to expect them to keep on repeating the 
groundwork to the exclusion of those valuable descrip- 
tions of current developments which are so eagerly 
awaited and studied by that great bulk of their readers 
who have long since passed their novitiate. 

Such a work, then, as I contemplated — and, I trust, 
have written — would, I imagined, simplify the above 
studies for the beginner. And, since driving is by no 
means the whole art of \he subject, it would also, 
I hoped, by presenting the groundwork knowledge in 
a reliable form and giving an intelligent idea of the 
constitution of various motors, serve as a guide to 
purchasing in the first place, to driving with good 
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results in the second, and thirdly, to avoiding break- 
downs or needing repairs. From these standpoints, 
therefore, the present work has been written. Types 
of motors have only been mentioned so far as, in my 
judgment, the type affects or varies working principles ; 
for since makes of motors and cars vary almost 
monthly, separate descriptions of each would merely 
have wasted space. I believe also that this method of 
description has enabled me to bring the matter actually 
up-to-date — a well-nigh impossible task when every 
make of motor and automobile is described. Further- 
more, the latter has already been, and is being, done as 
well as possible in the columns of the journals men- 
tioned above. Theory also I have intruded upon merely 
so far as it affects design and consequent working, 
I quite recognise that there is much that I have left 
unsaid, which would doubtless render the present work 
more complete, especially in regard to car-construction. 
But here, again, these details — after all, very variable — 
are voluminously described elsewhere. Finally, I may 
say that, recognising the impossibility of pleasing every- 
body, I have not tried. If this work serves the purpose 
of the beginner and I mislead him on no point, I shall be 
satisfied. If, again, some of the ideas expressed appeal 
favourably to the cognoscenti^ I shall be flattered. To 
others I would say, as did the great Artemus, that " they 
can pay without going in." In other words, they need 
not read the book if it does not agree with their own 
ideas. I must, however, acknowledge my great in- 
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debtedness to all whose kindness and patience have 
taught me the little I know ; to the Autocar and Auto- 
motor Joumaly for the verification in numerous details 
I have been enabled to obtain from their valued 
columns ; and to Messrs. F. R. Simms, C. C. Maudslay, 
and others, for the loan of many of the illustrations. 



G. DE H.-S. 



Gloucester Road, N.W. 
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Part I 
HISTORICAL 



CHAPTER I 
ANCIENT PERIOD 

THE actual age of the idea of the mechanically 
propelled roaA-vehicle is a purely speculative 
matter, and likely to remain so. Tradition may or 
may not be correct in assigning it a date many 
centuries prior to the Christian era; but it is none 
the less certain that, were the matter to be verified 
to-morrow morning, the knowledge would be valueless 
from a practical standpoint Thus it is of no earthly 
interest nor cogency in a work of the present kind. 
On the other hand, the date of the concrete expression 
of that idea is by no means uninteresting, however 
primitive that expression may seem in the light of 
modern engineering science. This, then, appears to 
be early in the seventeenth century; since a patent 
for " drawing carts without horses" was granted in 1619 
to Ramsay and Wildgoose. It is only too probable, 
by the way, having regard to the latter name, and the 
nature of the invention, that this was the origin of the 
phrase, " a wild-goose chase," as a synonym for some- 
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thing utterly chimerical. Surely the belief is war- 
ranted, that the original phrase was " a wild-goose 
chaise**} Certain it is, however, that this device, as 
well as those of Jean Theson, Father Verbiest, Giovanni 
Banca, Sir Isaac Newton, Papin, Savery, and Vaucanson 
— all of which belonged to the same century — were of 
little or no practical use, whatever their value as the 
germ of this or that mechanical principle. 

The "true and first" inventor of the mechanically 
propelled carriage, so far as can be ascertained, was 
Captain Nicholas Joseph Cugnot, of the Artillerie 
Fran^aise, whose steam trolley was designed for the 
carriage of cannon. This was constructed in 1769, 
and consisted of a three-wheeled vehicle, the front 
wheel of which was used both for driving and steering ; 
although, as results turned out, it utterly failed in the 
latter capacity. The power was derived from steam 
supplied by a globular boiler and furnace ; which 
with the double-cylindered engine and driving me- 
chanism, were supported in a supplementary frame 
over and round this front wheel. The connecting-rods 
from the pistons were secured to panels working in 
ratchets on the axles on either side of the wheel, the 
reversing being effected by changing the pawls over 
to the other side of the notches on the ratchet wheels. 
But it was this placing of the boiler that practically 
caused the failure of the invention, which nevertheless 
succeeded in carrying a load of some 2\ tons at a 
speed of nearly three miles an hour, despite perpetual 
halts to get up the necessary working steam-pressure. 
Cugnot realised, of course, that attaching the boiler to 
the main frame would have involved the use of tele- 
scopic — or at least elastic — steam connections. These 
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would probably have leaked badly, or been torn off 
outright Therefore he placed the boiler forward of 
the front wheel, the practical result being that the 
whole affair became too top-heavy to steer ; failing in 
this respect as badly as if all the wheels had been 
rigidly attached to the frame after the fashion of a 
railway truck. Had he, on the other hand, placed his 
boiler and engine at the rear of the frame, connecting 
the driving mechanism to the rear-axle and leaving the 
front wheel free for steering purposes, road locomotion 
by steam might have been achieved half a century 
earlier. Nevertheless, to Cugnot must be ascribed the 
honours of the pioneer; and it is interesting to note 
that his ratchet-and-pawl system of power transmission 
was copied more or less closely by most of his suc- 
cessors during the next two generations. 

The first practical steam-propelled vehicle was, how- 
ever, the one patented in 1802 by Trevethick and 
Vivian. On this the crank -shaft was fitted with a 
flywheel, and geared to the driving-wheels. Off and 
on this machine ran for the next three years, actually 
maintaining an average speed, it is said, of ten miles 
an hour! Indeed, so successful was it, that had not its 
inventors suffered by the too common fate of such, in 
coming to the end of their money, there is every 
reason to suppose that the railway engine would not 
have forced into the background the whole matter of 
self-propelled traffic on the high-road during the next 
half-century. It must be remembered that the great 
point in favour of the steam road carriage was the 
enormous improvement in the roads themselves — to 
a degree little short of their present condition — which 
had been brought about by the great increase in the 
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number of stage coaches during the decade or so prior 
to 1802, by the invention of road-paving by Macadam, 
and by the inauguration, in later years, of the turn- 
pike system. There can be no doubt that all the 
circumstances were ripe for the success of the steam 
carriage, which in this instance, however, was hindered 
for the lack of a few pounds. 

Nevertheless, the ideal of the self-propelled carriage 
was by no means lost ; though it was undoubtedly 
hindered by the fallacy which prevailed until about 
1825, that the "sticktion" or grip of the wheels on the 
road surface was insufficient for purposes of traction. 
Later on, of course, this idea was exploded by the rail- 
way; but in the meantime, when much useful work 
might have been done, inventor after inventor wasted 
his time with one and another device of which mechani- 
cal imitations of the action of the legs and feet of 
horses were the principal features. Indeed, the idea 
seems to prevail to this day that such imitations are 
likely to be of value for heavy traction. 

At last, however, in 1828 Mr. (afterwards Sir) Golds- 
worthy Gurney patented a steam coach, with a boiler 
behind, and an engine beneath, the piston of which 
was connected by a rod to the hind-wheels. This 
coach was also partially steered by a fifth wheel in 
front (hence probably another well-known phrase), but 
judging from old diagrams, the fore-carriage could be 
turned in either direction. Three years afterwards. Sir 
Charles Dance established a service of Gurney steam 
coaches between Gloucester and Cheltenham ; which, 
running four journeys daily, carried 3,000 passengers and 
ran some 4,000 miles up to the end of June in that year. 

Then, in 1833, came Walter Hancock's steam omni- 
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buses ; but although these vehicles were well tried in 
London in 1836, they were anything but a commercial 
success ; albeit far in advance of other inventions during 
Hancock's period, such as those of Colonel Maceroni 
and his partner Squire, Gibbs, Dr. Church, J. Scott 
Russell, and Hills of Deptford. But the reasons for 
these failures are not far to seek, when it is remem- 
bered that at this period horse-drawn vehicles had well- 
nigh reached their highest stage of speed and general 
efficiency ; whereas all the above machines were noisy 
to a degree, cumbrous, slow, expensive to repair and 
maintain, and continually breaking down owing" to their 
great weight and crude construction. Consequently 
they by no means exhibited that promise which we, 
in the light of later developments, are justified in con- 
sidering they possessed. On the other hand also, in 
point of construction, it must be remembered that 
steam, and, consequently, almost the whole art of 
mechanical engineering, were then in their infancy. 
Few stationary steam engines had been built even, 
so that it may be said that the smith in the various 
branches of his trade was practically the only mechani- 
cal engineer. 

Yet it was perhaps these disadvantages of great 
weight and crude construction that furnished, more 
than anything else, the pretext for that ill-considered 
legislation which, beginning with the Locomotive Act 
of 1836, and continuing until that iniquitous measure 
was repealed only seven short years ago, has been per- 
mitted by the short-sighted representatives of the 
people of Great Britain to enmesh their country and 
its commerce in a net\vork of legalised tyranny and 
spoliation for which there is hardly a parallel in the 
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history of civilisation ; the result being that the in- 
dustry was crushed out of commercial existence in 
Great Britain until 1896. 

Nevertheless, we do not find that it had been any 
more fortunate on the Continent ; for although Cugnot's 
trolley had certainly been made to run after a fashion, 
its failure from a practical standpoint was so pronounced 
that the whole question of auto-propulsion was neglected 
for the next century. Nothing, in fact, of the slightest 
importance in this line was produced in France during 
that period, with the exception of Pecqueur's steam 
waggon in 1828. This, however, was important in an 
academic sense, as it embodied certain principles of 
construction which are retained to a great extent in 
the modem motor-car. In the first place, Pecqueur's 
machine was the first to have a differential gear ; this 
being a planet-gearing which served to connect the two 
halves of the rear-axle. Then, secondly, the axle-arms 
of the front wheels were pivoted vertically in much the 
same fashion as is now in vogue. It is true that they 
had little or nothing to do with the steering of the 
waggon; being merely interconnected to keep the 
wheels parallel, the steering being effected by the 
pivoting of the fore-carriage. But the device was at 
least there in its entirety as now used ; albeit its full 
possibilities were neglected at the time. 

Unquestionably the great continental revival of the 
automobile idea was due, not only to the absence in 
France and Germany of those tyrannous restrictions 
under which its British protagonists laboured, but 
primarily to the invention of the compression type of 
internal-combustion motor by Alphonse Beau de Rochas, 
whose physical laws, as laid down in his pamphlet of 
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1862, in regard to these engines remain constant to 
this day, and will probably do so for all time. Here 
it cannot be too firmly insisted upon that the late 
Dr. Otto, whose name is generally attached to the four- 
stroke cycle, had nothing to do with its invention or 
even its development Beau de Rochas was so far in 
advance of his time that he was never encouraged, 
financially or otherwise, to build a single engine, and 
so allowed his patent to lapse. Otto, on the other 
hand, had the most trustworthy financial support from 
his partner, Geheimrath Langen. Yet after fourteen 
years of failure with engines of the non-compression 
type he adopted Beau de Rochas* principles in their 
entirety, the result of this " discovery *' being the Otto- 
Silent gas engines. Nevertheless, it redounds to the 
credit of the French nation that they at least have 
consistently recognised Beau de Rochas' priority, and 
that he was awarded — albeit by a private learned 
society — a pension for his services to science. To a 
lesser extent may the honours of the pioneer be claimed 
for Lenoir, who in the same year, 1862, is known to 
have used a mixture of coal gas and air to drive an 
engine — of the non-compression type that still bears 
his name — which was the first ever mounted on a road 
car. This car ran a few trips, it is said, between Paris 
and Joinville; but as its engine was not only heavy, 
but complicated and unreliable in respect of its ignition, 
and, furthermore, only worked at one hundred strokes 
or so per minute, it may be regarded as a total failure 
for automobile purposes. 

Meanwhile, in Great Britain, we find the endeavour 
to produce a light steam-propelled road carriage still 
persevered with, the rate of production being about 



8 THE AUTOMOBILE INDUSTRY 

one a year during the next fifteen years. Yarrow and 
Hilditch brought out one such vehicle in 1862, and 
S. G. Rhodes another in the following year, after which 
a lapse of three years occurs before H. P. Holt built 
his steam locomotive. Then 1868, 1869, and 1870 wit- 
nessed the building of steam carriages by J. H. Knight, 
Catley and Ayres, and L. J. Todd. 

In 1868, too, Pierre Joseph Ravel invented the first 
petroleum burner, which was designed to use the residue 
petroleum or " massout," then being practically sold as 
a waste product after the ordinary lamp petroleum had 
been distilled from it. This burner was used to heat 
the first water-tube boiler ; which, with a light 3 h.p. 
engine, was installed in a very practical light road 
steamer. We find, however, as RavePs was the solitary 
continental attempt in forty years to solve the problem 
of road-locomotion — whereas the idea had never been 
allowed to die out entirely in Great Britain — another 
proof that British engineers were in reality far more 
enterprising throughout than their continental con- 
temporaries, who laboured under no restrictions of any 
kind. 

We have next C. Randolph's road locomotive in 
1872, R. N. Grenville's and H, A. O. Mackenzie's in 
1875, and Blackburn's in 1877. Also, in this last year, 
Thompson's steam carriage, which is chiefly notable 
for the fact that it was the first to have indiarubber 
tyres. Here, again, we see British engineers in the 
light of original inventors, whose devices were prac- 
tically shorn of most of their value (for lack of com- 
mercial scope) owing to the monopoly-upholding laws 
of their own country. Nevertheless, it must be admitted 
that none of the steam carriages above mentioned re- 
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presented any great advance upon earlier creations. 
And although James Robson (in 1879) and Dugald 
Clerk brought out their respective two-stroke engines 
in and before 1881, and were followed a few years later 
by Joseph Day, of Bath, the state of the law practically 
precluded the application of any of these devices to 
the auto-propulsion of road vehicles, even when three 
years later the use of petrol or benzine (to produce an 
inflammable gaseous mixture) became known. Thus the 
two first-named engines were employed for stationary 
purposes only, while the later invention of Day could 
only be further adapted to marine work. 

Consequently, while British engineering enterprise 
was fettered, it was reserved to Delamare-Deboutteville 
and his partner, Malindin, to become, in 1884, the 
fathers of modern automobilism by inventing a car- 
burettor which, using petroleum spirit, enabled a small 
internal-combustion motor to drive the first motor- 
tricycle ever run on a public road. Undoubtedly, the 
priority is theirs ; but their honours in that respect 
admittedly pale before those of their successor — by a 
few months only — the great progenitor of the modern 
motor-car engine. 

This was Gottlieb Daimler; who, born in 1832 at 
Schorndorf, a small village near Wurtemburg, may 
truly be said to have begun his distinguished career at 
the budding of one branch of his art, witnessed its 
bourgeoning, and having grafted a shoot therefrom, 
lived to see that shoot exalt itself above its parent 
branch before he closed his career beneath its shade. 
From a child he exhibited an astonishing aptitude for 
mechanics, so that his choice of the engineer's trade 
whilst still a mere lad was merely in accordance with 
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the fitness of things. During his ivanderjahre as a 
journeyman he gained experience at most of the leading 
engineering works of his native land ; but as at that 
period German engineering craftsmanship had little of 
its present merit, it was only to be expected that he 
would seek a higher standard of training. This he knew 
could only be obtained at that time in Great Britain, 
which had now become the world's manufactory ; so we 
next find him spending several years at Whitworth's, 
where he acquired that knowledge of practice, accuracy, 
and finish to which, almost as much as to his own 
genius, most of his success was due. 

Returning to Germany in 1 871, he became associated 
— quite by chance — with Dr. Otto and Geheimrath 
Langen, who had already spent several years in gas- 
engine experiments. The outcome of this meeting 
was the opening, in 1872, of the Gas Motoren Fabrik at 
Deutz, near Cologne, for which enterprise Herr Langen 
found the money, while Daimler acted as works- 
manager. Lenoir's non-compression gas engine by 
this time was losing whatever credit it had had ; and 
Beau de Rochas* principles, though known for the past 
ten years, had been utterly neglected. It is therefore 
more than likely that the young works-manager, keen 
to recognise the uselessness of persevering in the face 
of the repeated failure of Lenoir's methods, was the 
real author of their abandonment and the adoption of 
compression principles by the Gas Motoren Fabrik firm 
in 1876. Be this as it may, he left the firm to assist 
and advise Crossley Bros, in the manufacture of their 
now well-known oil engine ; and, again, it is more than 
probable that the experience thus gained led him to 
investigate the theories of, and generally specialise, oil 
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engines in preference to those using coal gas, recognis- 
ing that the former had a wider commercial scope than 
even the compression gas engine of the type then being 
manufactured by Otto and Langen, whose works at 
Deutz, even up to 1882, were hardly paying their way. 

In the previous year, 1881, we, nevertheless, note one 
slight contribution to auto - propulsion, namely, M. 
Raffard's electric tricycle, which is merely of histori- 
cal interest as the first electric vehicle. Its successor, 
however, did not appear until twelve years later ; so 
electrical possibilities could hardly have been so 
apparent to Daimler — to say nothing of being out of 
his line — as those of gas or inflammable vapour produc- 
tion from the lighter petroleum products, which the 
progress of industrial chemistry had long since placed at 
his disposal. We therefore find him, during the long 
gfap between his leaving Otto and Langen and the date 
of his first patent, in retirement at Mainz, experiment- 
ing with various compression engines and petroleum 
fuels. What led him to turn his attention to mechanical 
propulsion for vehicles does not appear. But it was 
probably the success of Delamare-Deboutteville and 
Malindin, in the year 1884, in which he took out his 
first patent. In the following year, however, he made a 
small motor and fitted it to a bicycle of the old hobby- 
horse pattern, recognising, no doubt, that the "ordinary" 
then in vogue was unsuitable for such work. Now had 
Daimler been an inventor of the ordinary type, it is 
only too likely that he would have been so satisfied 
with the measure of success thus scored that he would 
have turned all his attention to bicycle motors, to the 
incalculable loss of automobilism. But Carl Benz, of 
Mannheim, had patented a two-cycle engine in the 
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previous year, and fitted it to a three-wheeled road 
carriage. And as these things never lack publica- 
tion, it is more than likely that Daimler (whose prac- 
tical experience with the four-stroke engine was then 
second to that of no living man) would see that the 
latter type of motor held, for the present at least, far 
greater possibilities for carriage propulsion ; especially 
since Benz's first engine was not a shining success. 

In 1886, therefore, he constructed his famous V-shaped 
twin-cylinder engine, the fuel of which, as with his 
previous motor, appears to have been benzine supplied 
from a surface-carburettor. This he installed aboard a 
launch. Of course he may have been inclined to do 
this owing to the enormous demand that would arise 
(and has since arisen) on the continental waterways 
for a reliable and compact marine engine. The Paris 
Sailing Club had held steam-launch races annually for 
the past nine years, and in 1884 over ;£^400 had been 
given in prizes for similar events at Nice. But, on the 
other hand, it is far more likely that he considered that 
marine work, because of the constant character of the 
load, would afford a far better initial test of this engine 
— the largest of the kind he had as yet constructed — 
than he could obtain on a road vehicle. That his tests 
were satisfactory we may be assured, for he applied his 
engine to a car for the first time in 1887, and during 
the next two years, it is said, built some fifteen others, 
besides several engines, which were installed in launches. 

But it was from his sale — through another chance 
meeting, it is said — of his French patents to M. Sarassin, 
of Paris, in 1888 or thereabouts, that the dawn of modern 
automobilism may be said to date. This gentleman, 
doubtless, foresaw the industrial future of Daimler's 
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type of internal-combustion motor, and had several 
manufactured for sale, under the superintendence of the 
latter, at various Paris works ; among which were those 
of MM. Panhard and Levassor, the successors in the 
Perin business of bandsaw-making and general engineer- 
ing. Nevertheless, M. Sarassin died a few months 
later, and his widow, knowing nothing of the technical 
details of the motor-manufacturing business, entrusted 
it entirely to M. Levassor. Twelve months later she 
(harried him, throwing in the above-mentioned patents 
as part of her marriage portion. Out of this marriage, 
then, and the subsequent exclusive manufacture under 
Daimler's patents by MM. Panhard and Levassor, arose 
the industry which has arisen in twelve years to an 
annual value of several millions sterling. But this 
industry, had it not been for the sheer imbecility of a 
single statute, might rather have arisen on British 
soil ; for it has been credibly stated that Daimler's 
meeting with M. Sarassin was mainly due to his re- 
turning, vid Paris, from a visit to this country, during 
which he had endeavoured in vain, despite his extensive 
acquaintance in British engineering circles, to induce a 
single firm to purchase his manufacturing rights. 

But as it happened that, owing, on the one hand, to 
the lapse of Beau de Rochas* and other four-stroke 
patents, and on the other, to the existence of Robson's 
and Clerk's for two-stroke engines — there could be no 
sustainable continental patent for an internal-combus- 
tion motor of either type merely as such, nor even for 
its application to vehicles, but only as to improvements, 
it is not surprising that there were others in the field, 
such as Benz, Tenting — the modern pioneer of electric 
ignition — Am^die Bolide, and Gautier ; to say nothing 
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of Leon Lefebvre and Seek. Yet when Daimler's 
labours during the eleven years prior to 1895, and his 
nine separate patents relating to motors taken out 
during that period, are taken into account, together 
with his long association with Panhard and Lavassor, 
and afterwards with Carl Maybach, of Caunstadt, near 
Stuttgardt, it will be readily admitted that there are 
few honours of the pioneer of automobilism that may 
not justly be ascribed to him. Other names, however, 
which are none the less indelibly written in the history 
of this golden age of invention, beside those already 
mentioned, are those of Les Fils des Peugeot Freres, 
De Dion and Bouton, Mors, Lepape, Delahaye, Jean- 
taud — the pioneer of the electric automobile — Roger, 
Kane of Chicago, and Serpollet. 

We note, however, that Panhard and Levassor have 
practically improved Daimler's engine out of all resem- 
blance to its original, and even its later form ; the 
only feature retained being that of height, so far as 
design goes. Indeed, it would be difficult to imagine 
any two engines of the same genus differing more 
widely in design than Daimler's original V-shaped 
motor and a Panhard " Centaure" of 1903 ; or than the 
former and its successor, the Mercedes-Daimler. Simi- 
larly, even the second Benz (four-stroke) motor has 
long been rendered obsolete by the improved engines 
made by the Mannheim firm, by those of Durkopp, 
and several others east of the Rhine. In fact, change 
and rechange in design have been constant throughout 
every one of the nineteen years since Daimler's first 
patent was taken out ; and it may be said that Ten- 
ting's employment of electric ignition in 1887, though 
n^Iected for many years after, has been responsible as 
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much as any other factor in the case for many of these 
changes, so far at least as combustion-chamber and 
general cylinder-head design is concerned. 

Yet among all the names mentioned above there 
is none whose engine has exercised a greater influence 
on general design than the Pygmde motor of Leon 
Lefebvre. Its compact and (at first sight) somewhat 
squat appearance, its large, accessible crank case, and, 
above all, the simplicity of its construction and working, 
have furnished the model (not, of course, through 
slavish imitation, but either directly or indirectly, as 
a matter of " the best-known practice ") for practically 
all the leading vertical four-stroke motors of the 
marine type in Great Britain, on the Continent, and in 
the United States. And, with modifications in detail, 
the same may be said for a considerable number of the 
best-known automobile engines on both sides of the 
Atlantic, such as the **' Abeille " motor of Dalifol ; those 
of Rochet-Schneider, de Dietrich (Turcat-Mery) ; the 
Aster, and the F. I. A. T., of Turin ; the Humber, 
Maudslay, Blake, and Standard Co., of Coventry, in 
Great Britain — the last bearing a remarkable resembl- 
ance to the Pygm^e in its lower parts — and the engines 
made by the Buffalo, Clifton Motor- Vehicle and Power 
Co/s, and many others in the United States. All these, it 
is true, differ widely in detail, but in their general out- 
line, whether unconsciously inspired or not, the influence 
of Lefebvre's original design is distinctly traceable. 

Similarly Am6d6e Bolide's motor was the precursor 
of all engines of the horizontal type which lie length- 
wise in the frame of the car, just as Henriod's engine 
undoubtedly was of all those with opposed horizontal 
cylinders lying transversely in the frame, with the ex- 
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ception of those in which each pair of cylinders has a 
common combustion -chamber lying centrally between 
each pair of pistons. It must, however, be understood 
that not only have all the original continental motors 
previously named been subjected to alteration in detail 
— often of the most radical character — almost every 
year since the latter eighties, but also that during that 
period dozens of new firms have sprung up with still 
other improvements. Thus it becomes quite as difficult 
to determine whether or not any modern engine is a 
combination of the characteristics of its predecessors as 
it is to trace the influences which have led to its design. 
Many modern makers also have not only introduced 
new patented improvements of their own, but have 
secured licences to combine other patents in an entirely 
new engine, which as a result has proved more efficient. 
And it must be admitted that such procedure is highly 
favourable to the interests of automobilism, for without 
losing sight of the value of original research and 
invention, there can be no doubt of the merit of a good 
combination of other people's ideas that have been 
thoroughly tested. Indeed, it requires almost as much 
talent to create such a combination as to invent any 
one of its component parts. 




CHAPTER II 
MODERN PERIOD 

THE foregoing apparent digression from the his- 
torical to the technical side of automobilism has 
been advisedly introduced at this juncture, because the 
early nineties — as has been shown by the subsequent 
history of automobilism — practically separate the period 
of the invention of the various types of motors and 
their application to road vehicles from the period of 
their improvement and development generally. In 
fine, that era separates ancient from modern auto- 
mobilism, for with the exception of the compound 
petrol-electric motor and one other, no new method of 
applying mechanical propulsion to road carriages, other 
than bicycles and the like, has been devised since 
then. On the other hand, the efforts of inventors have 
been almost entirely concerned with the improvement 
of existing motors and methods of applying them. 
Subsequent history, therefore, has mainly to do with 
mechanical changes in detail, and with the long-distance 
road-racing tours and trials that have contributed so 
enormously to the improvement of motors and vehicles 
alike, and to the growth of modern automobilism. Thus 
it follows that a definite reference to the various types of 
motor available at the beginning of the modern period 
is not only appropriate, but historically necessary. 
c 17 
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This era — 1889 to 1896 — is also singularly important 
from another point of view, since it represents the 
period in which British engineers were supplanted — at 
least temporarily — in an industry which, as has been 
shown, they had made peculiarly their own, which they 
had kept alive by consistent effort, and in which they 
had ever been the foremost (and for a whole century 
the only) protagonists and pioneers. But their con- 
tinental rivals were encouraged to develop the auto- 
mobile industry, and to support financially any likely 
invention, by the fact that they laboured under no 
obsolete and ridiculous laws restricting road-locomotion, 
had the best roads in the world to experiment upon, 
and furthermore an assured home market as well as the 
prospect of an equally remunerative market abroad. 

Thus while British engineers were deprived of the 
fruits of a century's consistent endeavour, their French 
and German contemporaries were hard at work invent- 
ing, experimenting, and improving their motors and 
motor- vehicles until, at the b^inning of 1894, the auto- 
mobile, though not in general use, and still r^arded by 
the public as an unreliable and costly vehicle, was by 
no means an uncommon sight in the streets of Paris. 
Several scores of them were already in use, but hitherto 
no public demonstration of their capacity to make a 
long journey without breaking down had been made. 
The manufacturers and cognoscenti generally, we may 
be sure, had very few doubts on this score ; and readily 
responded when, in July of that year, the proprietors of 
Le Petit Journal offered prizes for the winners of a long- 
distance road-race, the first of any kind in the history 
of movement The route chosen was from Paris to 
Roueo and back ; and of the score or so of competitors 
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more than two-thirds succeeded in completing the 
journey without a breakdown, and at an average pace 
equal to that of any horse-drawn vehicle. 

The two winning cars were driven by the late M. 
Levassor and by one of the firm of Les Fils des 
Peugeot Freres, who divided the first prize. The success 
of this event created no small excitement, for it had at 
last been unmistakably shown that the new locomotion 
was not only speedy, but safe and reliable. It was not, 
however, until the following year, when the race from 
Paris to Bordeaux and back had scored an even greater 
success, that the French automobile industry really 
b^an to flourish, and to attract the attention of capital- 
ists who had no particular knowledge of engineering, 
but were in search of a sound industrial investment 
Yet, to the credit of all concerned be it said, caution 
and moderate capitalisation were the dominant features 
of the financing of French automobile concerns. Had 
a like policy been followed in Great Britain a few years 
later, it is probable that our own automobile industry 
would long since have overtaken its continental rival. 

Some thirty vehicles competed in the Paris-Bordeaux 
race, which M. Levassor won outright, finishing over 
an hour ahead of his nearest competitor. Two other 
Fanhard -Levassor cars were among the prize-winners, 
three Peugeot cars, two manufactured by M. Roger, 
and one BoUfe, driven by M. Am^dee Bollee, second 
of that famous name, M. Levassor drove the whole 
distance of 744 miles in 48! hours, his speed frequently 
equalling 20 miles per hour, and was not apparently 
unduly fatigued by the journey ; for after partaking of 
light refreshment, he waited several hours at the finish- 
ing-point to see the rest of the competitors arrive. A 
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few weeks later the first endurance trial ever held in 
America took place between Chicago and Wauk^an. 
In this event several steam cars competed ; but owing to 
the roughness of the roads less than half a dozen of the 
competitors, it is said, completed the journey. American 
automobile manufacturers, however, in November of 
last year, carried out an endurance trial, in the run from 
New York to Pittsburg, that not only wipes out the 
memory of any previous failures, but stands — and will 
long continue — unparalleled in the history of auto- 
mobilism. This not only, again, because of the sheer 
stress of the climatic and road conditions which per- 
sisted throughout, but because — despite the fact that all 
railway and telegraphic communication had ceased on 
account of the violence of the weather — one-fourth of 
the cars engaged actually kept their scheduled time 
and twenty out of thirty-four starters finished. 

The year 1894, however, is chiefly memorable in the 
British history of the movement on account of the 
importation, by Mr. Henry Hewetson, of the first car 
driven by an internal-combustion engine ever seen in 
the country. This was a li h.p. Benz car, with two 
speeds and electric ignition ; the latter being rare at 
that time^ as tube ignition was almost universal. Then, 
in the following year, the Hon. Evelyn Ellis imported a 
4j h p. Panhard and Levassor, and began with a " non- 
stop " run from Micheldever to Datchet, with his friend 
Mr. F. R. Simms aboard as guide, philosopher, and 
mechanician. Yet though both he and Mr. Hewetson 
drove their cars for many a day thereafter much faster 
than the four miles an hour then imposed upon all 
mechanically propelled road vehicles, and totally dis- 
pensing with the equally statutory man with a red 
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flag, they were never interfered with by the rural police- 
man ; whose natural common sense had not, at that 
date, been perverted by his official superiors. In October 
of the same year, 1895, a still more important event 
took place, this being a semi-public demonstration by 
Sir David Salomons of the capabilities of another 
Panhard-Levassor car. Fully 10,000 people were present, 
few of whom, we may well suppose, had any idea of the 
growth which automobilism was to assume within the 
next eight years, or of the scope which lay (and still 
lies) before the motor industry. 

On the 2nd of the following month Mr. Henry 
Sturmey, M.I.C.E., F.R.P.S., of Coventry, established The 
Autocar^ the first English journal exclusively devoted 
to the interests of automobilism ; and before the year 
was out, Mr. F. R. Simms, who had long been associ- 
ated with Daimler professionally, purchased the latter's 
patents for Great Britain, and founded the first British 
motor manufactory ; that is, the first in which internal- 
combustion motors were made for automobiles. From 
this year 1895, then, the age of modern British auto- 
mobilism may be said to date. 

In 1896 further proof of the progress of automobile 
construction was forthcoming, in the September race 
from Paris to Marseilles and back, in which over thirty 
vehicles started and fourteen finished, as against nine 
in the Paris-Bordeaux event the year before. The 
average speed for the whole distance of 1,063 niiles of 
the winning car — a Panhard-Levassor of 4 h.p. only — 
was about 25 miles per hour. Two other Panhard- 
Levassor cars and a De Dion-Bouton, also of 4 h.p. 
each, were second, fourth, and third respectively, the 
highest-powered vehicles in the race being two Peugeots 
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of 6 h.p, each. The lowest average of miles per hour 
in this event was over 12J miles, by a Michelin-Boll^e, 
thus showing the marked improvement that had been 
made in fifteen months only. Reverting to the move- 
ment in Great Britain, it is not astonishing to find that 
no progress of this particular kind had been made, 
seeing that the Locomotives upon Highways Act of 
1831 was still in force. Nevertheless, some two score 
cars — nearly all of which were of foreign manufacture 
— were running on English roads ; and Mr. F. R. Simms 
had established his second claim to be called the father 
of modem British automobilism by founding the Motor 
Car Club — now the A.C.G.B.I, — to promote the interests 
of automobilism, and for social purposes generally. 

The third of Mr. Simms' many undisputed claims to 
the above title is, that no sooner was the Club founded 
than he and its other influential members, among whom 
were Sir David Salomons and Mr. H. J. Lawson, set to 
work to promote legislative reform with such success 
that finally the Magna Charta of the British auto- 
mobilist — the Light Locomotives Act — was passed, and 
came into operation on November 14th, 1896. This 
event was celebrated by a run from the Club's premises, 
in Whitehall, to the Hotel Metropole, Brighton, some 
thirty-five machines, including motor-cycles, starting, 
twenty-two of which reached their destination that 
night, but only thirteen in time for the commemoration 
dinner. So far as can be ascertained, no oflicial observa- 
tion, such as would govern the most unimportant trial 
nowadays, was in force, the motive inspiring all con- 
cerned being to get through as best they could. In 
fact, many and fearsome were the adventures ex- 
perienced with most of the successful twenty-two cars, 
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good luck quite as much as any particular construc- 
tional merits they may have possessed saving the 
majority from the fate of the odd dozen that failed to 
get much beyond the Metropolitan area. 

The year 1S96 has already been mentioned as the 
date of the application, by L. Eppstein, of London, 
of the compound petrol-electric motor to road vehicles. 
The only other exception to the statement previously 
made to the effect that novelty of application ceased 
in the latter eighties also occurred in this year. This 
was the invention, by Pretdt, of the avant-tratrt, or 
motor fore-carriage, that is to say, a motor complete 
with cooling system and other connections, mounted 
on a pair of front driving-wheels, the whole device 
being substituted at will for the fore-carriage of an 
ordinary horse-drawn vehicle. Variations of this 
system have since been introduced by Riancey, 
Amiot-Peneau (Aug^ motor), Ponsard-Ansolini (Roser- 
Mazurter), Dor6, E. Lockert, Emile Salles, Johnson, of 
Chicago, and latterly Collin (de Dion). But for some 
reason, despite the undoubted efficiency of the majority, 
and the commercial value of the idea, they have 
not found favour with any section of the public, 
although one would imagine that they would ere this 
have obtained an enormous vogue among jobmasters 
and cab proprietors. The latter, apparently, can hardly 
• be fully awake to their own best interests, or they would 
see that the motor fore-carriage represents their only 
chance of meeting the modern demand for a reliable 
hired automobile without sacrificing any of their exist- 
ing carriage stock ; one, furthermore, which they might 
use alternately with their horses — much to the benefit of 
the tatter — until these again were unfit for further service. 
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So much for the practical results of 1896 ; but so far 
as Great Britain was concerned, the history of the next 
two years may be described as a mingling of tentative 
effort, unbacked by necessary capital, contrasted with 
spasmodic and technically unskilful effort on the part 
of those who had been entrusted with only too much 
money; of over-capitalisation, failure to realise either 
dividends or any practical result, and a general air of 
uncertainty of purpose, all of which circumstances 
handicapped the infant industry in the most fatal 
fashion. Then, again, lack of actual personal experi- 
ence in this branch of engineering even among the 
otherwise technically qualified (which lack, of course, 
was the direct outcome of previous legislative restric- 
tions), compelled the few who had taken up automobile 
construction to take every detail of practice at second 
hand from the Continent. One can readily imagine, 
however, that had our marvellous British patent laws 
compelled foreign patent-holders to manufacture in this 
country or grant manufacturing licences (under penalty 
of voiding), this state of affairs would probably have 
been ameliorated, and the French priority in auto- 
mobile construction would have lost half its effect. 
Indeed, on account of the smaller cost of material 
prevailing in Great Britain, the seat of the industry 
might even have been shifted hither. Still, the road 
test at speed — the secret of half the continental 
success then and during the next six years — was 
lacking; indeed, such a test is still illegal, and was 
only permitted on one occasion last year by a special 
Act of Parliament ! 

Therefore, while British engineers stood bound and 
shackled, their continental compeers, fostered and en- 
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couraged in every way, were building lighter and more 
efficient, if not much more powerful motors ; and lighter, 
stronger carriages. This is shown by the fact that the 
average speed of the winning Leon Bolide car in the 
Paris-Dieppe race of July, 1897, was over 40 miles, 
while that of the slowest of the sixteen vehicles that 
finished was a mile and a half faster than that of the 
winning Panhard-Levassor car in the previous year's 
race ; albeit the distance was only about a tenth. Still, 
of these sixteen, eight had motors of 6 h.p., while three 
had 5 h.p , and one 3 h.p., the remainder being tricycles 
with I J h.p. motors. Next year, in the Paris- Amster- 
dam race, not only were eight of the dozen cars that 
finished fitted with 8 h.p. motors, but the winning 
Panhard-Levassor car made an average time through- 
out the 950 miles of nearly 45 miles per hour. The 
fastest of the motor-cycles — a if h.p. de Dion-Bouton — 
also averaged over 36 miles an hour. 

Nor had the commercial vehicle been neglected during 
these two years, for trials of heavy vehicles, omnibuses, 
lorries, and vans were held at Versailles, in which steam 
(with both coke and liquid fuel), the petrol motor, and 
electricity were well represented, 35 h.p. being the 
highest among the first type, 14 h.p. the average with 
the petrol division, and an average useful load of 650 
kilos, the capacity of the two electric vans shown in 
1898. Still, the 6 h.p. Leyland steam brake which com- 
peted this year made a fair showing, carrying perhaps a 
heavier load for its horse-power than all but one or two 
of its competitors. At Liverpool, too, in May of the 
same year, it was seen that British builders, though 
temporarily behindhand in autocar manufacture, could 
at least hold their own in the commercial section ; for 
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five steam waggons competed, one of which, sent by the 
** Lifu " Company, carried a load of something over two 
tons at a speed above 8 miles an hour, mth a con- 
sumption per ton mile of -298 gallons, at a cost of i-2i£ 
per ton-mile for fuel. 

The next year (1899) witnessed a further increase 
of horse-power and speed, both in the second Paris- 
Bordeaux race in May and the Tour de France — 1,386 
miles — barely six weeks later, the winning Panhard- 
Levassor cars — of 12 and 16 h.p. respectively — making 
averages of 48 and 5 1 miles per hour. These two tests, 
however, despite the uniform good quality of the French 
roads, were exceptionally severe, so much so as almost 
to revolutionise car construction for the time being at 
least Hence the following year was rather a reculade 
pour mieux sauter^ so far as the road-racing side of auto- 
mobilism was concerned. But it was clearly recognised 
that the average tare weight of cars was too hea\y, and 
that equally good results could be achieved, with about 
half the cost in tyre maintenance, by a light car of 
moderate horse-power, either for racing or touring. 
As a result, no less than fifteen of these finished in the 
Paris-Bordeaux race of 190 1, a Panhard and a Darracq 
arriving sixth and eighth respectively out of the twenty- 
eight competing. Meanwhile, in Great Britain, although 
little real progress had been made in car manufacture — 
mainly owing to over-capitalisation and lack of definite 
aim, experiment rather than systematised production 
being the order of the day — the heavy-waggon branch 
of construction made fair headway ; indeed, quite kept 
pace with continental manufacture. And the various 
hill-climbing and endurance trials promoted by the 
Motor-car — now the Automobile — Club, although com- 
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posed in the main of continental imported cars, afforded 
the most valuable object-lessons in design, construction, 
and other technical matters that British manufacturers 
could possibly have had. 

The great Paris-Berlin race of 1901, however, showed 
the revolutionary nature of the change in construction 
that had been effected. Horse-power had increased 
with a bound, no less than fourteen of the heavy cars 
having 28 h.p. engines, and one— the Mercedes car, sent 
out by the Canstatt-Daimler firm — having one of 35 
h.p. The average speed of the winner — a 28 h.p. Mors 
— was again over 50 miles per hour, not including 
neutralisations, over the 749 miles ; while that of the 
half-dozen light voiturettes which got through was well 
over 25 miles per hour — one, a Renault of 7 h.p., averag- 
ing more than 38^ miles. Altogether forty-three cars 
finished ; but so many were the temporary breakdowns 
through constructional failure, that it was recognised, as 
much by the manufacturers themselves as by the public, 
that the battle of reliability was by no means won as 
yet. In September of the same year, however, gratify- 
ing evidence of the growth of the manufacturing industry 
in Great Britain was forthcoming in the run to Glasgow 
arranged by the A.C.G.B.I. Nineteen British concerns 
were represented among the entries, and twelve British- 
made cars actually appeared out of a total of twenty- 
five. Of these, two — the Napier and Argyll cars — were 
the only ones that succeeded in scoring the maximum 
of marks on the run, i,e. 1,500. 

In April of 1902 the Earl of Suffield gave permission 
for a series of speed and hill-climbing trials to be run at 
Suffield Park, Cromer. In these, which excited great 
public interest, a Napier car of 50 h.p. scored the 
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highest marks for the four runs — two up- and two down- 
hill — the speed recorded being over 48J miles per hour 
on the second uphill climb. Yet in view of the fact that 
its nearest competitor, a Mors, had only 24 h.p., while 
the other seventeen, ten of which were British made, 
ranged between 7 and 16 h.p., we can hardly regard 
these results as conclusive. Indeed, by the published 
figures, it many be seen that, horse-power for horse- 
power, the greatest efficiency was shown by the little 
4 J h.p. de Dion voiturette, the 10 h.p. Panhard coming 
next. At least, this is the conclusion to be arrived at 
from the marks obtained. Nevertheless, regarded as 
speed trials in which victory rested with the biggest 
power, the result was encouraging, especially as the 
Napier Co. had entered a 60 h.p. (nominal) car in the 
Paris- Vienna-and-Gordon-Bennett Cup race two months 
later. No less than eighty-four cars — among which 
were six Panhards of 70 h.p. — completed the three 
stages in which the race was run ; but the mistaken 
policy of running the two events on the same course, 
and at the same time ; and the fact that the Gordon- 
Bennett contest was considered of so little comparative 
importance that the first twenty cars which reached 
Innsbruck ahead of the Napier had not been entered ; 
shows the latter's victory in an entirely false light, well 
though it was deserved. Nevertheless, beside winning 
the Gordon-Bennett Cup, the Napier car finished eighth 
in the major contest without a breakdown of any kind ; 
a feat which, considering that the pace on many por- 
tions of the route exceeded 60 miles per hour, shows 
that Great Britain had at length drawn level with the 
Continent in the production of a speedy and reliable 
automobile. 
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No British cars took part in the Circuit des Ardennes 
of July, 1902, manufacturers being more profitably 
absorbed in preparing for the A.C.G.B.I. hill-climb- 
ing and reliability trials two months later. In these 
eighty-eight cars competed, twenty-six being of British 
make. Only two of the latter, however, an M.M.C. 
voiturette of 8 h.p. and a 12 h.p. Daimler, actually 
scored top marks in their respective classes, but the 
placings were extremely close. Last year was perhaps 
the most sensational in the annals of automobilism, 
the list of casualties which occurred during its earlier 
months threatening the very existence of racing in any 
shape. First, Count Elliott Zborowski was instantly 
killed, his amateur mechanician, M. de Pallange, 
seriously injured — it is believed permanently — and his 
car smashed into a shapeless mass, while negotiating, 
at a speed of near 70 miles an hour, a notoriously 
dangerous double curve near the crest of La Turbie 
Hill ; which for the past three years had been the 
course of an annual hill-climbing competition during 
Nice automobile week. This sad event occurred at the 
beginning of April ; but worse was to happen, barely 
eight weeks later, in the great road race from Paris to 
Madrid. Out of some two hundred vehicles that 
started only forty or so got through to Bordeaux, where 
the race was stopped. M. Marcel Renault was killed 
instantly, as was also Mr. Nixon, who was acting as 
mechanician on one of the Wolseley cars. Mr. Loraine 
Barrow — an American artist who had latterly become 
well known as an amateur racing automobilist — received 
such terrible injuries that he died in a few days ; and 
amongst the other drivers several were more or less 
seriously hurt. 
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Such was the sensation aroused by these tragic 
occurrences that for a short period it seemed h'kely, not 
only that the Circuit du Nord would be prohibited, but 
even the Gordon-Bennett Cup race ; which was to be 
held on British soil for the first time, and had now 
become an event of first-rate importance. But when the 
truth was realised that the Paris-Madrid disaster was 
caused, first, by the go-as-you-please scrambling nature 
of the contest and the fact that it was practically a 
point-to-point race ; secondly, by the lack of control 
which permitted spectators to stray about the course 
en route ; thirdly, because no attempt had been made 
to lay the dust or prepare the road ; and, fourthly, 
because the dust-cloud raised hid dangerous points 
which were but carelessly indicated in any case — wiser 
counsels prevailed, and it was seen that the fault lay not 
in road-racing itself, but in the manner in which it had 
been carried out. The Circuit was therefore allowed to 
take place as usual, and the fact that it had hitherto 
been notably free of accident brought out the chief 
characteristic of such a course in the strongest light ; 
namely, that with good organisation and an ordinary 
amount of precaution, a circuitous course can be policed 
and made safe for competitors and spectators alike, in 
a manner well-nigh impossible with a long point-to- 
point route. As it turned out, only one accident 
occurred, this being that one of the occupants of the 
solitary British car — an 80 h.p. Star — fell out and broke 
his ankle. Yet this car was going quite 80 miles an 
hour at the time, and up to that moment had every 
chance of winning. 

But the truth of the above became still more evident 
in the July race for the cup, which was held on a 
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double-circuit course in the neighbourhood of Bally- 
shannon, CO. Kildare ; for, beyond the overturning of 
one of the Napier cars, driven by Mr. Charles Jarrott, 
the breakage of a wheel on Mr. Stock's Napier, and 
various constructional troubles sustained by the Napier 
car driven by Mr. S. F. Edge, as well as by the 
American cars, it is safe to say that not a sovereign's 
worth of damage, still less anything approaching a 
casualty, occurred to man, woman, child, or animal 
throughout the whole Irish Fortnight. Thus the 
character of automobile racing as a sport which, 
properly controlled, is not more productive of dan- 
ger than many others commonly indulged in, was 
thoroughly rehabilitated. But what was demonstrated 
beyond question was that, in ordinarily skilled hands — 
that is, those competent to drive it at all — an auto- 
mobile weighing a ton and capable of a speed greater 
than that of an express train can be controlled and 
stopped dead with greater ease and in less space than a 
dogcart drawn by a horse at a 14-mile speed. 

The actual racing results of the great Irish event of 
1903 are too fresh in the public mind to need recapitu- 
lation. Nor is there much profit in discussing the 
might-have-beens of the matter, had the Wolseley and 
Star racing cars been afforded an equal share in the 
representation of this country. But the Phoenix Park, 
Castlewellan, and Cork trials, which were after all 
equally important events of the Fortnight, made it 
abundantly clear that British engineers have at length 
proved equal to their continental contemporaries in 
building a speedy, light, powerful, sound, and durably 
constructed automobile. This has been confirmed, 
furthermore, in trials of still more recent date, which 
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also, for the reasons above given, need not be recalled 
in detail. And lastly, the three exhibitions lately held 
at the Crystal Palace, the Agricultural Hall, and the 
Salon d'Automobile have shown, first, that British 
motor-manufacturing practice is not only equal, but in 
the opinion of many good judges, superior to the best 
continental ; and, secondly, that in the construction of 
the light car of moderate power — the automobile of 
the future — Great Britain at length leads the world. 

British motor-engineers, however, have done still 
better in regard to those even more important branches 
of construction, the heavy commercial waggon and the 
adaptation of the internal-combustion motor to agri- 
cultural uses. In the steam-waggon section, during the 
past three years, such well-known makers as Thorny- 
croft, Coulthard, Leyland, Foden, Clarkson and Capel, 
and others have scored success after success, not only 
in special premium test trials in this country, on the 
Continent, and in the United States, but in the still 
more searching and convincing test of road use, under 
all conditions, week in, week out In the heavy oil 
internal-combustion-engined waggon, less, it is true, has 
been done ; but that less scores as against practically 
nothing abroad, for the Hornsby-Akroyd motor-waggon, 
which recently won the War Office special £2poo prize 
and bonus, not only travelled across several counties to 
do so, but found no competitors. In agricultural work 
Messrs. John Scott, of Edinburgh, and Dan Albone, of 
Briggleswade, have each adapted Simms motors to a 
tractor-cultivator and agricultural tractor respectively. 
These, in addition to doing all descriptions of field 
work and farmyard work at about half the cost, in 
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something like a third of the time, with less than a 
third of the number of men and horses, and without 
any danger of fire, are faster on the road than a steam 
traction-engine by some 50 per cent. ; thus facilitating 
the carriage to market of the produce they have culti- 
vated or harvested with such astonishingly economical 
results. The Scott device is so contrived that it can 
be readily converted into a motor market waggon — 
capable of a 14-mile speed — by the removal of its 
agricultural mechanism, a matter of a few minutes' 
work. Its cultivators, too — ^which are capable of any 
work, deep or shallow, in any soil, and thoroughly 
pulverise and aerate the latter — thus save the cost of 
several implements. Withal, the cost of either Scott 
or Albone (" Ivel ") machine, with a 20 b.h.p. motor, 
is little more than that of a plough and two pair-horse 
teams. Yet twice this number of horses are required 
to do the same work at twice the cost. From all these 
facts it appears that the agricultural branch of the British 
motor industry will be one of the most important, if only 
on account of its unrestricted scope and demand. 

Such, then, stated as briefly as possible, latterly in 
mere outline, yet throughout with the view of giving 
due prominence and proportion to the influences, men, 
discoveries, and conditions generally that have made it, is 
the history of automobilism in Europe up to the present 
time. That the bulk of the progress made has been 
due to the lack of hide-bound restriction abroad, and 
to the enterprise and genius of continental engineers, 
cannot be denied. But if we admit this (as we must), 
how shall we express our appreciation of the enthu- 
siasm, genius, and patient endeavour which have not 

D 
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only enabled British engineers to profit by every step 
of continental prepress as it was made, and share its 
results, but eventually to surmount the effects of the 
restrictions under which they had so long laboured, 
and ultimately to lead in the one path where they 
formerly were compelled to follow ? Surely theirs are 
the greener laurels, the more lasting honours. 



Part II 
DESCRIPTIVE 



CHAPTER III 
INTERNAL-COMBUSTION MOTORS 

AT the outset of any work dealing with the motor 
. industry, the first question the non- technical 
reader will ask is, What is a motor? 

Strictly speaking, a motor is anything — from a cer- 
tain order of brain-cell to the engine of an ocean liner 
— ^which produces movement ; either for itself, for some- 
thing else to which it may be applied, or for both 
combined, as in the case of all forms of locomotion. 
And here it may be said that the importance of that 
phrase "for both combined," in so far as it relates to 
the weight of the whole, can hardly be over-estimated : 
a point which will become apparent early in the present 
work, and clearer throughout its progress in detail. 

For the purposes of this work, nevertheless, the above 
definition may be narrowed down to those mechanical 
constructions producing motion which are and have 
been used for the auto-propulsion of road vehicles and 
the smaller classes of vessels ; from bicycles, or launches 
a few feet in length, up to the largest waggons or craft 
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of a couple of hundred tons or so. These motors 
belong to any of four distinct classes, namely, " internal- 
combustion" motors, steam engines, electric motors, 
and compound motors : the last-named being a com- 
bination of the first and third. 

Chief among these is the internal -combustion engine^ 
of which (in its four-stroke type) the following index of 
parts is appended : — 
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Compression-chamber 

Piston 

Induction valve . 

Slots in air-inlet cap 

Vaporiser . 

Jet . 

Insulated pin . 

Interrupter 

Connecting-rod . 

Crank 

Crank-shaft 

Exhaust valve . 

Exhaust cam 

Exhaust silencer 

Lid of vaporiser 

Needle-valve guide 

Air-admission cap 

Magneto machine 

Ma^ets . 

Oscillating envelope 

Armature . 

External arm of magnet 3 and 4 

Magneto driving-crank 3 and 5 
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Half-speed shaft 
Terminal . 
Wire . 

Ignition plug 
Crank-chamber . 
Interrupter spring 
Trip-roa . 
Ignition cam 
Interrupter arm . 
Key-piece . 
Ignition shaft . 
Timing-gear sleeve 
Timing-gear fork 
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37. Timing-^ear lever . 5 and 

38. Lubrication groove . 

39. Exhaust-rod guide 

40. Trip-rod guide . 

41. Inlet valve, regulating lever 

42. Groove for timing-gear key- 

piece .... 5 

43. Nut on trip-rod . . .3 

44. Tappet . .3 and 4 

45. Top nut of plug . . .3 

46. Bottom nut of plug . . 3 

47. Float-feed Hlter ... I 

48. Compression tap . i 

49. Induction-valve head . . i 

50. Exhaust-valve roller . . i 

51. Float chamber . . . i 

52. Float .... I 

53. Petrol tank . . . i 

54. Water-jacket . . .1 

55. Water-connection flange . i 

56. Water-connection flange . i 

57. Induction-valve spring . i 

58. Induction-valve cage . . i 

59. Exhaust-valve spring . . i 

60. Trip-rod spring . . 3 and i 

61. Needle valve . . . i 

62. Overflow pipe . .1 

63. Magneto machine connect- 

ing-rod .... 3 

64. Exhaust flange . . .1 

65. Tap for petrol tank . I 

66. Guide on plug . .3 

67. Trip-rod cottar . . I and 3 

68. Trip-rod collar . . i and 3 

69. Exhaust-rod collar i 
7a Exhaust-rod cottar . i 
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This, by the operation of the well-known physical 
laws of Boyle and Charles, generates its power within 
its own cylinder or cylinders — whence its generic name 




— owing to the intensely rapid expansion of a carbur- 
etted charge of air, previously compressed to several 
atmospheres ; which expansion again is due to the 
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combustion of an induced inflammable chai^ of 
atomised or vaporised liquid hydro-carbon which has 
been intimately diffused throughout the air-chai^^ 
As all this occurs within a closed cylinder, energy is 
developed, which acts mechanically upon a freely 





FIG. 3. THE SIMMS-BOSCH MAGNETO (TI 
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\ 



moving, yet gas-tight piston, connected by a rod to 
a crank on a shaft. This shaft, mounted in suitable 
bearings of metal, which is slow to heat under friction, 
is also free to move, but in a rotary direction as to 
its own axis only. It carries a flywheel of more or 
less weight, the weight of which is required to store 
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the energy imparted to the reciprocating piston and 
rotating shaft by the combustion above mentioned. 
These parts, then, with a gas generator, cylinder-cooling, 
lubrication, and ignition systems, are the essentials of 
such a motor. The need for the first- and the two last- 
named needs little or no explanation ; but it must be 




understood that a cylinder-cooling system is necessary 
because the combustion and expansion generate heat 
to about 2,000* C, or from 70 to 80% more heat-energy 
than can be turned into mechanical work. Conse- 
quently, without some cooling system, the cylinders 
would rapidly become so hot as to seize the piston and 



40 THE AUTOMOBILE INDUSTRY 

stop the motor, especially since the best lubricants burn 
at 300" C. 

Actually these motors are hot-air expansion engines^ 
although almost entirely different from those which are 
specifically known by that name. One cannot be too 
clear upon this point. All, however, depend for their 
working upon the above phenomena, the principles of 
which were discovered by a French engineer, Alphonse 
Beau de Rochas, who on January 7th, 1862, took out 
a French patent for a motor compressing the charge, 
and published a pamphlet about the same time, in 
which he laid down certain rules for the constitution 
and efficient working of such engines. These rules are 
now regarded, in principle at least, as constant laws, so 
far as four-stroke motors are concerned ; that is to say, 
those in which the piston makes four strokes — in and 
out alternately — for every impulse it receives from a 
combustion, thus making one working stroke during 
every two revolutions of the crank-shaft. They also 
hold good, in respect of the necessity of compression 
before combustion, with two-stroke motors ; that is, 
those in which every out stroke is a working stroke, a 
combustion occurring once during every shaft revolution. 
The order of the various piston strokes of an engine 
is called its cycle, which, as will be seen, does not corre- 
spond with the number of revolutions made by the crank- 
shaft each for each. Thus, in the Goret engine, three 
such revolutions go to the cycle; in the one under 
discussion two, and in the two-stroke motor one. 

The immediate result of this, for one thing, is that 
the four-stroke motor has other essential parts beside 
those previously mentioned. These are first, valves, 
which open to admit the air and gaseous charge ; or 
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allow the burnt gases (the exhaust) to escape after 
combustion ; springs to keep the valves closed — or in 
one instance, at least, the Weller engine — to hold them 
open ; rods to push the valves open at given periods 
in the cycle ; a cam-shaft, with cams moving the rods 
up and down ; and gears (cog-wheels) on cam and 
crank shaft to rotate the former. And now that hot- 
tulje ignition has been superseded by electric ignition, 
a commutator is essential to motors of more than one 
cylinder, in order to commute or distribute the current 




S. CAM-SHAFT AND MOUNTINGS 



to each cylinder once during its cycle. This commutator 
will be described later on ; in the meantime suffice it 
to say that it is a device in which the outer portion 
is stationary and mounted on the motor or car, the 
inner part being rotated by gearing or otherwise from 
the crank-shaft 

The valves are of the poppet or mushroom type ; 
that is to say, discs, the edges or underfaces of which 
are machined and ground to an even surface, so as to 
make a gas-tight fit in or upon the entrances to the 
cylinder which they control. Each of these discs is 
mounted upon a central spindle or stem — like a daisy 
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and its stem — upon which again a strong spring is 
mounted. Inlet valves are of two kinds : automatic — 
those which are opened by the atmospherical suction 
of the piston during its out stroke to draw in the new 
charge — upon which the spring is weaker; and those 
which (like the exhaust valves in all cases up to the 
present) are mechanically operated, either by the action 
of the rods above mentioned, or by one end of a short 
pivoted lever — a tappet — placed at right angles to the 
valve-stem, the other end of which is lifted or dropped 
by the rods. These rods are in all cases held in line 
with the valve-stems, and at right angles to the cam- 
shaft, which, as has been said, moves them up or down 
with its cams. Thus in engines with mechanically 
operated (m.o.) inlet valves there are two such rods 
for each cylinder; in those with automatic (/>. atmo- 
spherically opened — a.o.) inlets, only one ; namely, that 
which moves the exhaust valve-stem or rocking lever, 
as the case may be. 

Each rod is lifted or dropped by a cam ; that is, a 
piece of metal (originally a disc out of which segments 
of various size and shape have been cut) mounted 
eccentrically upon a cam-shaft. And, beside carrying 
a strong spring to keep it down on the small roller on 
its lower end, ready for immediate contact with its cam, 
the rod is held in a guide, so that it cannot get out of 
line with the cam and valve-stem, and generally so that 
it cannot rotate. Each cam is formed or keyed, or 
otherwise mounted upon the cam-shaft at 90** from its 
fellow — either inlet or exhaust — so as to form, as it 
were, a projection next to it. As the shaft rotates, each 
cam lifts or drops its rod, one rod lifting after the 
other falls. The cam-shaft is mounted parallel with 
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the crank-shaft, in bearings, usually inside the crank- 
case. This is a box-like structure on which the cylinder 
is mounted, cast usually in halves, vertically or hori- 
zontally, and contains at each end the end-bearings of 
the crank-shaft ; and usually intermediate bearings be- 
tween each crank. Now, in order that the cam-shaft 
may be rotated at a fixed rate with the latter, it has 
the lat^r of two spur-gears or cogged wheels keyed on 
one end. This gear has twice as many teeth as its 
fellow, which is similarly mounted on the crank-shaft, 
the teeth of one being in perpetual engagement or 
" mesh " with the teeth of the other. The chief effect 
of this arrangement — another will presently appear — is 
that the cam-shaft only rotates onct during the cycle; 
that is, once during every two crank-shaft rotations. 

In some motors, of two or more cylinders, the inlet 
and exhaust valves are in projecting opposite sides of 
the cylinder head. These projections, which contain 
the valves and their seatings, are known as valve-chests. 
Consequently two cam-shafts are fitted, one at each 
side of the crank-chamber, each with its larger gear 
meshing in common with the smaller gear on the crank- 
shaft. The effect is the same, of course, so far as their 
rotation-rate relatively with the latter is concerned ; but 
each cam is set at 90° with the one opposite it, on the 
other shaft. The commutator, too, is geared in a 
similar "two-to-one" fashion with the crank-shaft. 
This construction, though simple-looking, apparently 
free from complications, and so forth, and therefore 
adopted by many leading makers, in my opinion, is 
not so good as it looks. In the first place, it adds 
the weight of an extra shaft and gear; and in the 
second, it creates an extra part which may go wrong — 
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— though I admit it rarely does so — as the key of the 
gear, or the screw which secures it to the shaft, may 
shp, and put the whole cycle wrong. A good general 
rule, both in practice and engine-selection, is, "the 
more parts, the more complication" or liability to go 
wrong, and obviously the more weight Nevertheless, 
this need not (and should not) clash with another good 
rule, "one part, one function"; although, again, contra- 
dictory as it may seem, the more functions one part 
can be made to undertake efficiently, the better. Thus 
we find that in other motors, and those among the 
latest, one cam-shaft actuates both inlet and exhaust 
valves, as well as the spindles which operate the make- 
and-break — i,e, the spark-producing mechanism — of a 
rupture-spark electric-ignition system. 

Now that the various parts of the four-stroke motor 
and their function have been described, we shall be the 
better enabled to understand the Beau de Rochas 
cycle. This consists : 

Firstly, of an outward suction stroke of the piston, 
which acts as a pump as the inlet valve opens, to draw 
in the inflammable gaseous charge from the gas-gene- 
rator or carburettor. In motors with m.o. valves, the 
cam-shaft (rotating with the crank -shaft, which again 
is rotated by hand at starting) lifts the valve. When 
the piston has drawn the full air-and-gas charge into 
the cylinder, and reached the end of its stroke, the 
valve closes — or is dropped by its cam — and : 

Secondly, the piston rises for an inward or com^ 
pression stroke, in which the charges are intimately 
mixed — though some say not combined — and com- 
pressed ready for firing as soon as the piston has 
reached the top of its stroke. The cams, though 



^ 



INTERNAL-COMBUSTION MOTORS 45 

turning, are "dead," ue, not moving their rods; with 
the exception of the ignition cam of a cylinder with the 
rupture-spark low-tension system. This cam, as soon 
as the piston reaches the top of its stroke — or nearly 
so^ — and the crank-shaft completes its first revolution, 
drops its rod, the spark is made, and : 

Thirdly, ignition and combustion of the now fully 
compressed charge occurs, and the outward working 
stroke begins ; throughout which — though at a rapidly 
falling rate — the enormous expansion consequent upon 
the combustion (to a heat of some 2,000' C.) violently 
develops energy upon the piston, the strength of the 
energy diminishing towards the end of the stroke by 
some 40 %. During this period of the cycle all cams 
are inoperative ; until : 

Fourthly, the exhausting inward stroke begins ; the 
exhaust cam lifting its rod to open the exhaust valve 
smartly, for the inward sweep of the piston to 
"scavenge" or discharge the exhaust or burnt gases, 
and the products of combustion (if any) through the 
valve into the exhaust pipe. Here, again, much of the 
energy developed is necessarily lost; and in some 
engines, in which the carburation is bad, or the spark 
too small, or not hot enough to produce complete com- 
bustion of the charge during the fraction of time in 
which the working stroke occurs — in four-stroke engines 
from 2-8 to -06 sec. — I maintain that anything from 15% 
to 35% of the charge passes out unburnt as "green gas." 
The cycle is now complete, and the crank-shaft has 
made its second turn ; the above four operations being 
repeated in the same order indefinitely. Such, then, is 
the Beau de Rochas or four-stroke cycle ; and it will be 
seen that if the gear had slipped a cog, or halted, from 
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any cause, the cycle would merely have been uniformly 
interrupted in a motor with a single cam*shaft : whereas 
with two shafts, the other one rotating normally, it 
would have been absolutely upset. And the cycle being 
now understood, mention may be made of two of the 
latest French motors, the Selbach and the Bailleul, in 
which the construction is such that one valve only per 
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cylinder is used, acting alternately as inlet and exhaust 
valve, being actuated by a rocking lever, rod, and a 
special cam geared so as to rotate at half-turns with the 
crank-sbafl as in other types. This is such a radical 
departure from general practice — although the idea is 
not altogether new— as to require detailed explanation 
of two facts, the first being that owing to the terrific 
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heat to which exhaust valves are subjected, they burn 
and scale. This scaling or "pitting" leaves them no 
longer gas-tight, and they have to be re-ground or 
renewed. The second point is that the rapidly induced 
gaseous charge, being composed of a liquid hydro- 
carbon (petroleum spirit, alcohol, paraffin, or benzol) 
atomised with air, actually constitutes a freezing mix- 
ture, so much so that special provision is frequently 
made to pass hot exhaust gases round the carburettor, 
to prevent the mixture being contracted to such a small 
volume that more liquid fuel is drawn in than is 
required, and to prevent the latter being recondensed. 

Consequently, the idea of this single-valve construc- 
tion is that this mixture shall keep the valve cool after 
each exhaust, while the exhaust heat of the valve reacts 
on the mixture to bring it up to a suitable temperature 
as it enters the cylinder. And so long as a screen of 
wire gauze — on the principle of the Davy lamp — be 
placed in the joint of the inlet pipe, it is difficult to see 
how a back-fire — even from an incomplete previous 
exhaust — can get into the latter, especially as the stem 
of the valve itself is surrounded by a small movable 
cylinder or sleeve, which is so formed as to act as a con- 
tinuation of the inlet passage during the charging 
stroke, and as a shield for it during the exhaust This, 
by the way, is more than can be said for any a.o. valve 
of the ordinary type, as its spring, upon which efficiency 
solely depends, rapidly loses resiliency in use, if not by 
the heat of the cylinder head. 

In these motors, however, the valve opens as shown 
downwards in the cylinder head, the inlet pipe opening 
directly round the guide and spindle ; the spring on 
which is above, outside the head, while the movable 
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sleeve above mentioned is sprung on the valve-spindle, 
and rises or falls with the valve. Round its outer wall 
this sleeve has an annular flange, which engages with 
the floor of the exhaust passage (situated below the 
inlet) — the result being that its travel up and down is 
limited. Now the cam, which is cut so as to form 
exhaust and inlet cam in one, opens the valve further 
at the charging stroke than at the exhaust — or in the 
reverse manner in the Bailleul — so that during the 
former the valve leaves the sleeve as soon as the flange 
has engaged with the floor of the exhaust passage, the 
flange thus preventing any of the new charge flying 
upwards into the exhaust. During the exhaust stroke, 
on the other hand, the sleeve remains seated on the 
valve, its flange thus rising from the floor of the exhaust 
passage and leaving the exhaust gases ample room to 
escape. Consequently, though these gases pass round 
the sleeve, they cannot enter it, as its spring keeps it 
firmly seated on the valve. 

The same idea of cooling governs the construction of 
the older D'Ecquivilly valve, which consists of a smaller 
inlet valve (a.o.) contained in the hollow stem of a 
larger (m.o.) exhaust valve, the head of the latter form- 
ing the seating for the former. The same advantages 
are claimed, but these would appear to be offset by the 
fact that there are two valves — and one of them a.o. — 
instead of one, to grind to a gas-tight seating. Again, 
if an a.o. valve sticks — as it often does — the cycle of the 
motor is upset. This cannot occur with a mechanically 
operated valve. Some inlet valves, too, are made 
especially large, so as to enclose two, three, or four 
smaller a.o. valves ; though one would imagine that the 
extra size alone would secure all the advantage, if any. 
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to be gained, without the complication of additional 
working parts. 

We may now discuss the cooling, lubrication, and 
ignition systems. All internal-combustion motors are 
either air-cooled by radiating metal flanges on the head 
and upper half of the cylinder — the extra metallic 
surface cooling the motor jv long as it is exposed to a 
strong current of air by the travel of its vehicle — 
or water-cooled by means of an outer cylinder contain- 
ing water, which forms an annular chamber around the 
working cylinder and its head. This is the water-jacket, 
the water in which is kept cool by being pumped rapidly 
to and from the jacket through a series of pipes fitted 
with radiating flanges. Latterly, a zinc tank made like 
a honeycomb has been used instead of radiator pipes; 
and, still more recently, a series of some two hundred 
light vertical zinc tubes, expanded into two shallow 
tanks, upper and lower, has been introduced, and is 
said to have proved more efficient than the costly, 
leaky honeycomb. All these tubes, furthermore, run 
through a series of about twenty thin sheets of zinc of 
the same breadth as the tanks, all the sheets being 
brazed about half an inch apart Thus both tubular^ 
and cellular radiation is obtained. Latest of all is a 
frame-shaped tank ; the space within which contains a 
continuous pipe, running, as it were, in horizontal layers 
from top to bottom of the frame ; each layer of piping 
canying about a hundred vertical flanges or gills of 
sheet copper, which practically form a series of cells. 
Neither of these two last are subject to leakage, and 
all three are cooled by a rotary fan driven by a belt off 
the front of the motor. 

Circulation, as has been said, is eflected by a small 



so THE AUTOMOBILE INDUSTRY 

pump — piston or rotary — attached in any convenient 
situation on the crank-chamber, usually at one side near 
the front end, and driven by a small gear meshing with 
the cam-shaft gear in a ratio of about three to one. 
Small motors up to lo h.p. or so— especially of the 
horizontal type — are frequently cooled without a pump 
by what is known as the thermo-syphon, or '* natural " 
cooling system. In this the tank and radiators are 
placed with their lower parts on a level with the head 
of the motor, so that the water connections lead from 
the top of the jacket to the top of the tank and into 
the bottom of the former from the lowest row of 
radiator pipes. The tendency of heated water is to 
rise, and that of cold water to seek a not over heated 
surface if free to do so. Consequently, as the water 
heats in the jacket, it rises to enter the top of the tank, 
drawing in the colder water to take its place. It is 
probable, however, that the latter enters to a great 
extent by gravity. The result is that a continuous 
and automatic circulation is maintained. The system 
is a good one, because cooling is not too rapid ; which 
tends to economy of the heat-units developed, and 
therefore to conservation of power. Also the danger 
of cracking a cylinder through a sudden flushing of 
cold water is eliminated. Yet it is said to be too slow 
in warm weather: and it is not easy to calculate the 
amount of radiation required in the larger motors. 
Air-cooled motors are chiefly used for motor-cycles and 
the lighter cars, and latterly many of the former have 
been fitted with syphon-cooled, water-jacketed motors. 
Marine motors need no radiators, the water circulation 
being effected by pumping the water from outside the 
hull and back again. 
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Lubrication is effected in a score of ways ; but all 
variations come under the three main headings of 
forced-feed, gravity-feed, and splash lubrication. The 
second and third, as the most restricted in a sense, may 
be discussed first and dismissed. Pure gravity-feed is 
practically only used on small marine motors — on large 
ones it is rapidly being superseded — its apparatus con- 
sisting of an oil-cup of brass, or more frequently a 
" sight-feed " cup of toughened glass, with a metal cap 
in which is a little shuttered air-hole, the closing of 
which regulates the supply through the tube beneath 
the cup to the part to be lubricated. This is the 
simplest form of gravity-feed, and is generally applied, 
where used at all, to external parts ; although some- 
times used, as said, in small marine motors for cylinder 
(or rather piston) lubrication. In some examples, how- 
ever, a horizontal metal cylinder, with glass ends for 
"sight-feed" is fitted. This supplies oil to all parts 
through a series of copper tubes. Sometimes, as in 
the Holt lubricator, a suction diaphragm opens a valve 
and permits the oil to flow, the suction being effected 
by connection with the charge-induction pipe on the 
motor. These lubricators have the two great defects 
of not stopping when the motor stops, the oil thus 
running to waste ; and of being subject to " air lock," 
i.e. a vacuum formed between two doses of oil when the 
air-supply has been improperly regulated. 

Splash lubrication is practically universal for all bear- 
ings inside the motor, such as those for the crank-shaft, 
cam-shaft, and cams, enclosed gears, and the lower ends 
of the connecting-rods ; and, sometimes, when a tongue 
or dasher is attached to the last named, for the 
cylinders. It simply consists of a bath of oil inside 
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the crank-chamber, the cranks dashing the oil over all 
working parts. It is a dirty, but thoroughly effective 
system ; and is also used for the differential gear and 
the change-speed gearing, the nature and construction 
of which will be discussed later. 

Forced-feed lubricators are of two kinds, mechanical 
and physical ; of which it may be said that the former 
are those in which the oil is driven by mechanical means 
to various parts. Most of them are complicated of 
necessity, seeing that the feed, though powerful, must 
be limited in quantity. Consequently they waste 
power. And although this waste is admittedly slight, 
it is not good engineering practice if it can be avoided. 
This is done by physical force-feed lubricators, which, 
on the other hand, waste neither power nor oil ; as they 
stop working when the motor stops, in the first place, 
and, secondly, drive the oil to the points required by 
the action of exhaust steam, or gases, or by the pressure 
of the water circulation. In a typical example of the 
first, one steam inlet creates a suction above the sight- 
feed, drawing the oil up drop by drop, while another, 
entering the oil container just below, forces it up, each 
inlet being hand regulated. In the Dubrulle lubricator, 
the best-known example of exhaust-gas forced-feed, the 
delivery tubes pass up through, but do not open into, 
the oil box, entering glass sight-feed tubes at the top. 
These last are interconnected by a horizontal bridge 
tube, connecting with a vertical tube from the oil box, 
into which the exhaust gases from the motor are led, 
the pressure of the exhaust driving the oil up into the 
sight-feeds and down again through the supply tubes. 
The third type is the simplest of all, and is used on 
some of the latest Simms and the F.I.A.T. (Fabrico 
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Italiano di Automobili, Torino) motors. In this a pipe 
leads to the bottom of the oil container from the water- 
circulating system, and the oil consequently floats upon 
the water and is forced up through the sight-feeds to 
the supply pipes. There is a gauge-glass in the oil box 
to show the relative level of the oil and water, the 
supply of the latter being cut off by a cock on the 
w^ter supply pipe as soon as the former is expended. 

The best lubrication practice, in my opinion, so far 
as the direct supply of oil to all working parts is 
concerned, is the centrifugal method adopted by 
Maudslay in England, De Dion-Bouton, and one or 
two others. Forced-feed, it is true, is mechanical, but 
as this is effected by a pump on the engine itself, it is 
free from complications. It is equally applicable, how- 
ever, to any of the above physical systems, consisting 
as it does of a series of channels — called "leads" — 
bored centrally through the crank-shaft, cranks, crank- 
pins, connecting-rods, and gudgeon-pins (in the pistons). 
The oil is thus driven by centrifugal force through all 
these to their bearings and upwards through the con- 
necting-rods and gudgeon-pins to the walls of the 
cylinders, which last are also lubricated direct from the 
apparatus. As will be seen, this system is thorough, 
clean, and economical. 

We may now consider the various ignition systems 
used in internal-combustion motors. These are six in 
all, namely, tube -and -continuous -lamp, bougie -and - 
temporary- lamp, hot-chamber - and - temporary- lamp, 
adiabatic, catalytic, and electric, with high or low 
tension. The last, beside being the one in most general 
use, is, singularly enough, older than any of the others. 
It is even older than the modern internal-combustion 
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motor of the compression type, either two- or four- 
stroke ; one form of it having been described by R. L. 
Bolton in 1853, and others by Barsanti and Matteucci 
( 1 854-1861), Lenoir, with spark plug (i860), Otto 
(1863), A. D. Cherfils (1865), and R. George (1866). 
None of these, however, are now used, present-day 
types being mostly variations of Tenting*s, Mors*, or 
De Dion's systems. As to the first-named system — 
tube ignition — it was invented by Gottlieb Daimler in 
1885 for igniting the charge in his motor, which was the 
best embodiment at that date of Beau de Rochas' 
principles, and was unquestionably the first of the 
modern light internal-combustion engines suitable for 
road-locomotion. His method was to screw a tube of 
platinum, with its outer end closed, into the combustion- 
chamber, the free end being kept hot by a continuous 
lamp-fiame, so that when sufficiently compressed — 
probably at a low pressure — that portion of the charge 
in the tube was fired by contact with its heated surface. 
This system, however, is open to numerous objections 
— although makers have clung to it as a supernumerary 
until within the last couple of years or so — for though 
the platinum tube wore fairly well, despite the heat, even 
an alloy of the metal was worth its weight in gold, and 
it was liable to contract unequally when cooled, and 
cause failure of compression. Its worst faults, however, 
were that the ignition-moment could not be varied, and 
that the lamp-flame, even though protected by a shield, 
constituted a perpetual source of danger, especially 
with the engine running and the car at rest, when the 
petrol vapour hung about the car instead of being 
dispersed. Furthermore, the lamp was always liable to 
be extinguished. Other metals, such as silver, copper. 
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and nickel, as well as porcelain, have been used for 
tubes, but have not proved satisfactory, as they equally 
possess all the above faults, as well as molecular 
weakness. 

The inconveniences of continuous lamp-fiame have 
been eliminated since Daimler's time, by using bougies 
or solid rods of the above metals — generally copper, as 
it is the best heat conductor — which, after preliminary 
lamp-heating, are kept incandescent by the heat de- 
veloped in the cylinder head, so that the lamp is not 
required further. This bougie - ignition is used on 
various stationary oil engines and marine motors, and 
is fairly satisfactory, because the load is nearly constant, 
and the variations of engine-control from moment to 
moment are not wide, being effected either by inter- 
rupting the fuel-feed during the fraction of a second, or 
likewise delaying or maintaining the opening of the 
exhaust valve. Now, with a constant load, checking 
the fuel-feed and keeping the exhaust valve open late 
is a good economical system, but as a means of timing 
the ignition would probably cause loss of power in a car 
engine. Timing by opening the exhaust valve late — 
as practised in tube-ignited motors hitherto — unless the 
greatest skill is used, entails extravagant use of fuel, 
premature ignition, and, worst of all, overheating. 

But this last-named defect has been turned to practical 
account in the system of hot-chamber or bulb ignition, 
in which the combustion -chamber is extended into 
an external bulb, dome, or closed cylinder, into which 
the fuel — paraffin, petrol, or alcohol — is injected under 
pressure through a needle-hole, while the motor-cylinder 
aspires nothing but air, the bulb being heated by a 
lamp at starting. This system is perhaps the most 
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economical in fuel of any; and as the fuel-pump is 
driven by the motor, it follows that by governing its 
stroke the ignition can be timed to a nicety. With 
stationary and marine (constant- load) motors it is 
nearly ideal, its only defect being that the fuel-delivery 
tubes are extremely narrow, and so may choke or 
be torn off; or the pump may fail, in which case the 
motor is put out of action. It might answer for auto- 
mobile work, with petrol or alcohol, but would probably 
cause the motor to foul with tarry soot if paraffin were 
used, on account of the perpetual variation of the load. 
Adiabatic ignition, anticipated by Beau de Rochas, 
is that in which, by compression to about twenty 
atmospheres, some 300 lbs., the gaseous charge is made 
to ignite spontaneously. This system, however, entails 
the use of separate pressure cylinders, and is conse- 
quently too cumbrous for any but industrial purposes. 
We may therefore pass to the next on the list, cata- 
lytic ignition, the ideal system in theory and the only 
automatic one (although some alleged catalytic igniters 
require heating with an electric current to make them 
incandescent at the start), as it depends merely upon 
the property possessed by certain of the rarer metals, 
such as spongy platinum and osmium, of glowing when 
plunged into a gaseous mixture. In practice, however, 
it has hitherto been found difficult to achieve this, not 
only on account of the cost of these metals, but because 
of their fragility. It may be, however, that a tube of 
ordinary platinum, so fitted that a portion of the 
mixture might be blown rapidly through it, would 
become sufficiently incandescent to ignite the charge, 
on the well-known principle of the Paquelin thermo- 
cautery. Gans de Fabrice considers that, as the tempera- 
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ture of such a device would be nearly double that of 
an electric spark, it would increase the efficiency of the 
motor some 40 per cent, or more. As the heat of the 
ignition medium is known to increase motor-efficiency, 
he is correct, provided that his conditions are as stated. 
Probably, however, the expansion shocks would speedily 
destroy any device made of spongy platinum unless 
arranged as a plunger ; which, as it can be mechanically 
operated and timed from outside, would appear to be 
the arrangement most likely to be adopted in the 
future, as the last step perhaps in perfecting the in- 
ternal-combustion motor. 

Electric ignition is effected, both on the high- and 
low-tension systems, by the interruption of the circuit 
of an electric current, either between two points fixed 
about ^ inch apart — the jump spark — or by the 
mechanical moving apart — the rupture spark — of two 
points previously in contact ; one point, of course, being 
fixed and the other movable. The essentials for each 
naturally vary in number as well as in the methods of 
applying them, but are here given only from the func- 
tional point of view, some being common to both 
systems. In the high-tension system we have first a 
spark plug, that is, a threaded cylindrical plug of metal 
containing a hollow column of porcelain, mica, steatite 
(soapstone), or other insulating material capable of 
standing the heat developed in the cylinder head where 
the plug is screwed in. This column contains a 
platinum, nickel, or steel wire ; usually the first, and 
in any case with a platinum point which hangs cen- 
trally in the inner end or mouth of the plug ; and 
either curves towards one side of it, or is met by a 
short hook or bridge (of platinum or the same metal 
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of which the plug is composed), the gap between their 
two points being ^ inch apart. The second essential 
(in both systems) is either a small magneto or dynamo, 
or a primary or secondary battery (for the construction 
and nature of which see the chapter on electric motors), 
or both combined. This is the source of the current. 

The third is a high-tension coil, that is, a coil with 
two separate windings of insulated wire, the inner of 
which (the primary winding) is the thicker and shorter. 
This is wound round a bundle of soft iron wires or 
plates — the core. One of its ends is usually secured 
through a stud to an arm connected up with a contact 
breaker in connection with the positive pole of the 
battery, while the other is connected with the negative 
pole. This arm is fitted with a set screw, situated im- 
mediately above the free tip of a leaf-spring — the 
trembler — the other end of which is held on a stud or 
terminal in contact with one end of the secondary 
winding. This wiring is longer and thinner, and 
though mostly wound to about the same depth as the 
other, which it surrounds, has more turns. Its other 
end is also secured to a terminal, from which it is 
"earthed'* by an outside wire to the metallic mass of 
the motor. Similarly, its first-mentioned end is con- 
nected from its terminal to the spark-plug. It thus 
forms a secondary circuit of its own, in connection 
with the primary circuit, through the trembler, and 
a device consisting of insulated sheets of tinfoil, known 
as the condenser. This is connected at one terminal 
to the primary, and at the other terminal to the corre- 
sponding end of the secondary winding by wiring of 
primary thickness ^ linking the two circuits, as it were, 
"across" the coil. Now the secondary winding being 
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the thinner, opposes more resistance to the current, 
which, aided by the resistance of the condenser, com- 
pels the induced current to travel along it at higher 
pressure or tension^ if the same amount is to pass in the 
same time. Hence the name. But obviously, the 
insulation must be perfect throughout, as any break 
would cause the current to complete the circuit through 
earth instead of through the plug to earth. This 
constitutes one of the very few defects of electric 
ignition, which would otherwise be ideal. 



CHAPTER IV 

INTERNAL-COMBUSTION MOTORS 

{Continued) 

HAVING concluded the previous chapter with a 
description of the parts employed in high- 
tension electric ignition, we may now consider their 
function. We find, first of all, that when an electric 
current is led into the primary winding of a coil, it 
converts the wires or plates of the core into a series of 
magnets. These attract a small piece of soft iron on 
the under side of the free end of the trembler, and pull 
it away from the set-screw in connection with the end 
of the primary winding. This at once breaks the 
primary circuit of the current, upon which the core 
immediately ceases to be a magnet, and so leaves the 
trembler free to make another contact with the set- 
screw of the primary. On the instant of new contact, 
however, the current circuit is again completed and the 
core immediately r^magnetised, only to be again de- 
magnetised as before. This operation, which takes 
place many times in the course of a second — according 
to the screw adjustment suited to the speed of the 
motor — is the spark " make-and-break," the current 
make-and-break from the battery being effected by the 
contact-breaker previously mentioned. This latter, 
being actuated by a cam on the half-time shaft (keyed 
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so as to make contact at or near the moment of highest 
compression) completes the primary circuit by bringing 
the battery into contact with the primary winding of 
the coil once during the cycle. 

Meanwhile, the trembler, in contact with the secondary 
high-tension winding at its other end, has acted, to- 
gether with the condenser, to conduct the current from 
the primary circuit at the moment of contact with the 
set-screw — />. at the " make " — the double bridge thus 
formed being broken again at each " break." The 
current thus induced through the condenser and trembler 
into the thinner secondary, on account of the resistance 
set up, becomes a high-tension current It then imme- 
diately flashes along the secondary; thence through its 
high-tension wiring to the spark-plug conducting wire ; 
leaps the gap, as a spark, to the platinum tip of the 
plug-cylinder in metallic contact with the " ear^ " mass 
of the motor ; and thence passes back to its starting- 
point. As this circuit is made, as has been said, many 
times in a second, the resultant stream of sparks at the 
gap fires the charge: The frequency of the sparks is 
due to the high resistance the current has met, and 
corresponds to the resistance of the condenser, and to 
the number of turns in the secondary winding, as well 
as to the strength of the current. Thus the power of 
the spark, and consequently that of each combustion, 
varies to correspond with this frequency. 

Now, in order that the spark may be produced at the 
right moment, the mechanism of the contact breaker 
(between primary circuit and battery) is arranged so 
as to operate it early or late round about the period 
of highest compression. This is known as the advance 
and retard. The whole operation may be diagrammatic- 
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FIG. 8 



ally described as that of a double figure 8 thus ; in which 
B is the battery, C the contact breaker, P the primary 
circuit, T the trembler, X the condenser, S the secondary 

circuit, and M its connections with the 
mass and spark-plug of the motor ; 
TPX thus forming the primary cir- 
cuit, connecting with the secondary 
by TX, and SMS the secondary cir- 
cuit. However, in motors of two 
or more cylinders, the functions of 
the contact breaker C are assumed 
by a distributing commutator. This, 
in some magneto devices is keyed on 
a special shaft, which is geared off 
the half-time cam-shaft In others 
it is keyed upon, or geared syn- 
chronously with, the latter. It is placed between the 
secondary winding of the coil and its spark-plug wirings, 
and has projections upon it corresponding to the number 
of cylinders; or has the same number of metal contacts 
sunk in its vulcanite disc ; or else carries a like number 
of spark-plugs, making successive contact with a plug 
on the positive lead of the secondary wire ; or in several 
other ways gives the same result, ix, leads the current to 
each cylinder in its turn. 

Generally, with or without the magneto, the wiring to 
all the cylinders is led from a single coil ; but in one 
or two systems there is a coil for each. The arrange- 
ment of the wiring, the number of terminals, and the 
grouping of the whole varies ; but the above may be 
taken as a correct outline of the scheme of high-tension 
electric ignition. Lastly, a third or stationary contact 
breaker in the shape of a switch is introduced, generally 
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in the primary circuit wiring, where batteries are used to 
prevent waste of power when the motor is not running. 
With the high-tension magneto or dynamo, in which 
the battery is only used at the start, this is a two-point 
switch. That is, one which, while maintaining per- 
manent contact after setting with the primary circuit, 
breaks contact with (" cuts out **) the battery, and makes 
contact with the dynamo or magneto, so soon as the 
motor is driving the latter fast enough to give the 
required current for a large spark. 

These devices — of which little can be said here in 
regard to their nature and construction that has not 
been fully detailed in the ensuing chapter on electric 
motcH's, to which the reader is referred — are now being 
universally adopted alike for high- and low-tension 
ignition, jump- or rupture-spark ; because they not only 
save current, as explained above, but give a larger and 
hotter spark than either primary or secondary batteries. 
This means that they not only give more power and 
complete combustion of large charges in high-powered 
motors, but materially increase that of the smallest. 
Still, since most of them are set to give a certain 
amount of current and size of spark at high, normal, 
and reduced speeds, it follows, as they are motor driven 
entirely, that they will not give sufficient current for 
the spark at very low speeds, still less at starting. 
Consequently they are not independent of the battery 
as a rule, and most of the few which are so require a 
spark coil, and a large one. As a fact, there are only 
three devices (that I can discover) in existence which 
are independent of both battery and coil, because their 
mechanical construction enables them to snatch the 
armature round, so to speak, at sufficient speed to give 
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the normal spark, no matter how slowly the motor 
shaft is turning. These are the Houpied, Goodson, 
and Simms-Bosch magnetos, the last-named being the 
best, in my opinion, from every point of view. This 
difference, however, should be noted between electric 
motors and magnetos — which are otherwise much the 
same in constitution — namely, that the field-poles of 
the latter are permanent magnets^ and so do not require 
excitation by accumulator current 

There is little, also, to say concerning the rupture- 
spark method of ignition, as any of the above systems 
of current induction are equally applicable to it. The 
construction of the actual sparking mechanism is some- 
what different, however : the plug or stationary contact- 
point consisting of a steel rod, tipped with platinum, 
and thickly insulated from its threaded socket, beyond 
which it projects into the combustion -chamber. Its 
other end forms a terminal, to which the positive high- 
tension wire from the secondary winding is secured. 
The other contact point consists of the rocking-plate or 
arm, which is also tipped with platinum ; and mounted 
as a gas-tight fit in a large plug, bolted valve-seating- 
fashion into the combustion-chamber, in such a situa- 
tion — usually at right angles to the fixed contact — that 
the tips of the two contact pieces may touch each other. 
This ignition plug, however, is not insulated, and so 
constitutes part of the motor-mass to which the negative 
high-tension wire of the secondary winding is earthed.^ 

Outside the plug is mounted the mechanism — or at 
least part of it ; usually a rapid cam, and in all cases a 
strong spring holding the rocking arm out of contact 

* The high-tension system is rarely used with the rupture-spark, even 
in U.S. 
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with the insulated plug. By this spring the former h 
sharply snatched out of contact with the latter when 
the cam (mounted on the half-time shaft and actuating 
a rocking-arm spindle as a rule) arrives at the dropping 
point in its revolution. Whenever this sharp contact- 
break occurs, a large (" fat ") and extremely hot spark 
— the rupture (hammer-break or wipe) spark is made, 
which leaps across between the suddenly disrupted 
points to fire the chaise. There is at least a score 
of variations in the actuating mechanism — indeed, a 
simple platinum-tipped plunger-rod may replace the 
rocking-arm — into the respective details of which there 
is no need to enter. Suffice it, therefore, to say that 
the only essentials of the plug mechanism are the cam 
and the spring on the rocking-arm or plunger, which 
produce the sudden rupture of contact. Within limits, 
the longer the gap thus created, the better. 

This is apparent, because the typical rupture-spark, 
being greater than the jump-spark, naturally increases 
the rapidity, and consequently the power of each com- 
bustion. For these reasons it is gradually being adopted 
as the standard ignition system, especially in combina- 
tion with the more economical magneto or dynamo, 
which also increases heat of spark. Coming now to the 
low-tension system, we find that the essential differences 
are that the voltage is lower (because the coil only 
carries a primary winding), that it has no trembler, and 
only two terminals. The negative one of these is con- 
nected — per contact-breaking commutator, or direct in 
the case of the rupture-spark — to the positive pole of 
the battery, magneto or dynamo, white its positive 
terminal is attached to the insulated plug, in each case 
by a wire of the same thickness as the primary wind- 
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ii^. * switch being also introduced between coil and 
pl^. The negative terminal of the battery or its 
«^\-a]ent is earthed to the motor-mass to complete 
the eittuit The low-tension coil may therefore be 
K^juded merely as a current intensifier, which is not 
nrc^ed when — as in the three magnetos previously 
mentioned — the voltage of the self-induced current in 
Ac «nnature is sufficiently great, owing to the higher 
xWocitj" mechanically given to the armature revolutions, 
to produce a spark of equal size and intensitj'. 

It has been argued that the low-tension system wastes 
the current. This is true enough when the batterj- is 
ttjied, but is not so in the case of the magneto or 
djiiamo, the current in which is self-induced, especially 
«-hen the contact is so arranged as not to take place 
until the last instant before the cam-drop, sufHcient 
contact only being given to make the circuit thoroughly 
complete. Furthermore, when the ignition-plug me- 
<hanism is of the " wipe-contact " type (that is, arranged 
90 that the rocking-piece describes a circular path — 
hastened, of course, at the cam-drop— past the insulated 
plug, the tip of the former making a rubbing or wiping 
contact with that of the latter as it passes), both tips 
are wiped clean of any combustion products that may 
have been deposited on either through bad carburation 
or over-lubrication. These carbon deposits would other- 
wise insulate the tips, and " short "-circuit the current, 
otherwise prevent it completing circuit. This is the 
dlief reason why the rupture-spark of the wipe-contact 
type is now being generally adopted both in the high- 
and the low-tension systems, and has quite displaced 
the jump-spark, in which the only remedy for a 
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" short," in a sooty or cracked plug was a device known 
as the " intensifying gap." 

This contrivance, which has quite lost its vogue during 
the past twelve months, needs some explanation. Its 
principle was discovered during the testing of a multi- 
ple-cylindered engine at the Panhard works. A new 
capped plug, in which a small spiral wire completed the 
connection between the wiring and the plug-conducting 
wire, was being tried also. On one plug this spiral was 
missing, yet that cylinder was firing better than the 
others. Search being made for the cause, the loss was 
discovered. Further experiments showed that the plug 
continued to spark as well as ever, though its points 
were purposely covered with soot and oil. Hence it 
was decided to create an artificial or secondary gap 
of ^jg inch or so outside the plug at any convenient 
point in the positive high-tension wiring. Now when 
an ordinary jump-spark plug becomes sooted, the soot 
forms a slight insulation, which, combined with the gap 
between the points, makes the effort required for the 
current to jump the gap and complete circuit too great 
for its normal voltage to overcome. Also a crack in 
the plug insulation causes the current, which is always 
seeking to complete its circuit at the negative of the 
secondary, to leak through the earth- mass by an outside 
instead of an inside path. Such a crack usually fills 
with soot during the next combustion after the crack 
has occurred, the charge being only half ignited, and 
that by the cylinder heat. But although such soot has 
an insulating effect, it provides an easier path for the 
current than the gap between the sparking points 
affords. And since electric currents always seek the 
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path of least resistance, it still runs through earth out- 
side the combustion-chamber and ignition still fails. 

Yet if, on the other hand, a gap, carefully insulated 
so that it cannot leak to earth, be introduced at some 
point in the positive wiring of the secondary, the current 
pressure will be still further intensified in its eflfort to 
leap the gap. And its voltage being thus increased, it 
seeks an increased outlet or path through earth to the 
negative, which it finds at the gap between the spark- 
points. Such is the effect, at any rate, although its 
exact course after passing the intensifying gap is some- 
what obscure, some authorities considering that a kind 
of loop current is formed. But the point is that addi- 
tional current pressure is set up in the positive wiring 
on the coil side of the gap as well as throughout the 
secondary winding of the coil — more, indeed, than that 
winding has been calculated to stand — much as if an 
attempt were made to press a volume of water through 
too small a pipe. Consequently, friction and heating 
are set up, and the latter attacking the insulation of the 
winding, and gradually permeating its mass, overheats 
the coil ; in other words, " strains " it. Coilmakers are 
unanimous upon this point, although it would obviously 
be to their interest to maintain the contrary. Clearly, 
then, this secondary gap is as bad in principle as it' 
is ruinous in practice, its only use being to indicate 
whether the current is passing or not, or any break 
exists in the insulation on the coil side of the gap. 
For this purpose a spark-gap device is handy enough, 
but since the gap has been shown to be mischievous as 
a permanency, the wire-ends should be kept normally in 
contact. 

In the foregoing pages we have dissected the trunk, 
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limbs, heart, digestive organs, lymphatics, brain, and 
nerves of the motor — which respectively correspond to 
its cylinder, crank -shaft and connecting-rod, piston, 
combustion -chamber and valve-chest, lubrication and 
cooling system, current-source and wiring — ^and thus 
gained an insight into its physiology. We may there- 
fore conclude by studying what has been aptly termed 
its lungs, ue. the carburettor, as well as its arterial 
system, the fuel-feed and connections. 

Now, whether internal-combustion motors are really 
internal-explosion engines or not — a recent theory very 
much open to question — we know that a mixture of eight 
to ten volumes of air and one of the vapour or spray 
of the liquid hydrocarbons used, though inflammable, is 
not as readily so as one which contains twice this 
quantity of air. A carburettor, then, is a receptacle 
constituted so that it generates this mixture in the 
latter proportions — ultimately at least — or else delivers 
the fuel itself to the motor inlet in the proportion of one 
volume to eighteen or twenty of ingoing air. Un- 
fortunately, the majority of carburettors of the former — 
the generating — type cannot be depended upon to keep 
this proportion constant at all speeds. The latter, 
however, in my opinion, are successful in this, as the 
rate of delivery is mechanically regulated by the speed 
of the motor itself. 

Carburettors belong to three main divisions : 
vaporisers, atomisers, and the mechanical fuel -dis- 
tributors just mentioned. To the first division belong 
bubbling carburettors, those in which the air is made to 
bubble through a receptacle filled with the liquid fuel 
maintained at a constant level ; surface carburettors, in 
which the air is drawn over the surface of the liquid, 
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forming a volatile and inflammable vapour as it passes ; 
and wick carburettors. These contain a mass of cotton- 
wool or a series of wicks, which is kept saturated with 
the liquid fuel, and carburet the air as it is drawn 
through the wool or wicks. The first-named variety 
are scarcely ever used now ; but all except the Lan- 
chester wick-carburettor have the great defect of taking 
all the lighter constituents of the fuel and leaving the 
heavier, so that the last remainder is so dense that it 
will not carburate. In the Lanchester device, however, 
the wicks are kept separate from the fuel receptacle, a 
small hand-pump taking the fuel up from the bottom 
of the latter, so that the denser constituents are used 
first. Furthermore, they all require a shield of at least 
two sheets of wire gauze in the induction pipe to pre- 
vent a back fire exploding them. This creates resistance 
to the cylinder-suction, and consequent " wire-drawing," 
/>. incomplete charging, which reduces the pressure in 
the cylinder and wastes power. 

Atomising carburettors constitute by far the largest 
class at present, despite the numerous defects inherent 
to the system on which they work. Their chief 
advantage, however, is that they take the fuel as it 
comes, without leaving any devolatilised liquid behind. 
Indeed, many of them can be adjusted to use petrol or 
alcohol of any density ; or even paraflFin after pre- 
liminary engine warming by a few minutes' run on 
petrol. But as a fine jet through which the fuel is 
delivered into a mixing chamber is their most salient 
part, it will be seen that they may be readily choked, 
either by foreign matter in the fuel or by deposits of 
a waxy nature. Again, their adjustment in many in- 
stances is a matter of extreme delicacy, failing which. 
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the fuel-supply will be too profuse or too scanty. And 
— worst fault of all — the majority, unless provided 
with an auxiliary air-inlet, which is often more or less 
complicated, will not generate the mixture in constant 
proportions at varying speeds, giving too rich a mixture 
at high speeds, which, if corrected, renders the mixture 
too poor at low ones. Furthermore, many of them, 
in my opinion, absolutely fight against the piston- 
suction even when working their best, which naturally 
means wire-drawing and loss of power. Lastly, the 
best atomising carburettors are rare freezing-devices, 
and, therefore, unless jacketed with hot air from the 
exhaust, are liable to re-condense the mixture in a long 
induction pipe, thus causing extravagant consumption, 
if not loss of power through incomplete charging. 

A lengthy chapter of the present work would barely 
suffice for the briefest description of the structural 
details of the atomising carburettors now on the 
market. Enough, therefore, to mention the essential 
construction of such devices in their various types. By 
far the largest number have two chambers, one of which, 
the float chamber, contains a cork float, or, in most 
instances, a copper drum or float-ring, which serves to 
regulate the admission of the fuel in the first place, then 
to keep it at a constant level in the chamber, and, 
lastly, to regulate its flow through the jet into the 
mixing chamber. The float does this in one of three 
ways. Either it is mounted on a central spindle 
tapered at the end to fit in the mouth of the supply-jet 
from above^ which closes as the float rises with the rise 
of the fuel, thus taking enough into the chamber for one 
charge for each cylinder at a time ; or else the spindle is 
free to move and hung centrally through the float on 
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the short end of one or two pivoted levers, the other 
ends of which engage with the top of the float, so that 
the rise or fall of the latter causes the spindle to open 
or close the supply-jet entering below the chamber. Or, 
again, the spindle is mounted solid with the float as 
before, and its ends held in guides, while the top of the 
latter engages with one end of a pivoted lever, to the 
other end of which the supply-valve spindle is attached. 

The air, meanwhile, is drawn by piston-suction into 
the mixing chamber (the top of which communicates 
more or less freely with the induction pipe), usually 
through holes regulated in size by a setting throttle or 
similar device, so as to maintain the due proportion of 
air in the mixture. Here, again, is a possible source 
of wire-drawing, which, however, is absent when the 
air enters freely. As the air rushes up in response to 
the vacuum created in the induction pipe by the piston- 
suction, it takes with it a certain amount of the liquid 
fuel, which, coming out of a fine jet, or series of jets, is 
immediately atomised to mix intimately with the air to 
form the charge. Here again we note that this is 
done in two different ways. When the fuel-duct enters 
through the bottom of the mixing chamber, and pro- 
jects more or less directly upwards, so that its jets open 
in the same direction as the air-currents, the latter suck 
the fuel up. This constitutes a sucking carburettor. 

But when, on the other hand, the duct enters the 
mixing chamber in such a situation as to project the 
flow of fuel across it at a right angle to the inrushing 
air-currents, the latter siphon the fuel spray along with 
them as they pass the jet. These, then, may be termed 
siphon carburettors. This distinction is not generally 
drawn, but will be found to have a very marked effect 
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as the former type have a greater tendency, in my 
opinion, to enrich the mixture unduly at high speeds. 
This defect (common to both types) has to be corrected 
by an additional air-inlet, which opens as the piston- 
speed increases. In one carburettor, however — the 
Mors — this difficulty is partially overcome by the fact 
that the mixing chamber has a vertical wall in the 
middle. This is bored to form the duct, which opens 
half-way up into one of the two chambers thus formed, 
each of which has a free air-inlet at the bottom. Thus 
a rich mixture is made in the first chamber, which 
immediately unites above the wall with an equal 
volume of pure air from the other chamber. Some 
carburettors, too, are designed so that the air-feed is 
perfectly free at all speeds, while the fuel -supply is 
throttled as the piston-suction increases. Thus, al- 
though the velocity of the air-currents increase with 
the piston-speed, the proportions of the mixture are 
kept constant. Such, at least, is the idea, but whether 
it be correct or not, or whether, on the other hand, the 
effect of the pressure-fall in the carburettor is corrected 
merely at high speeds, need not be argued. At all 
events, the result of either method of regulation is 
successful. 

There is, however, another large class of atomisers 
which have no float-feed chamber, the fuel-supply being 
controlled by a large air-valve, mounted centrally in 
the mixing chamber with a light spring. In some of 
these — of which the Huzelstein device is the most 
typical example — the valve-seating divides the mixing 
chamber into two halves, upper and lower, its spindle 
being tapered to open or close the fuel -jet, around 
which are the air-inlets. Consequently, as the suction 
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acts on the other side of the valve, it rises, and the air 
is drawn in ; the spindle, of course, also rising to let in 
the fuel-charge, which is atomised on the valve, and 
drawn in with the air to the other chamber. These, as 
will be seen, are true sucking carburettors. Obviously, 
also, they need an auxiliary air-inlet to the second 
chamber if the mixture is to be kept constant. This 
is provided in the new Chenard-Walcker carburettor. 
In others — which all work on the James and Lunken- 
heimer principle — the air-valve is very much like an 
ordinary automatic inlet valve, and has its seating at 
the open bottom of the single atomising and mixing 
chamber. 

The fuel enters through a duct opening (at right 
angles to the free air-inlet) right in the valve-seating 
itself. Thus, as the air rushes in at the valve-lift, it 
siphons the fuel upwards, atomising it on the valve. 
In this case it will be seen that the fuel-supply requires 
throttling at high speeds, since the valve which controls 
its flow will be held permanently off" its seating, unless 
the spring be too strong to allow it to open as it 
should at low speeds. Thus, failing fuel-throttling, the 
alternatives would be spilt fuel or wire-drawing. Con- 
sequently, such provision is usually made ; but these 
atomisers, which are certainly the simplest in existence, 
work best when screwed on upside down, or, at least, 
with the free-air opening uppermost. All these atom- 
isers, whether float-fed or not, are gravity-fed in the 
first place, unless placed on the head of a vertical 
cylinder of a marine motor, in which case the fuel is 
pumped or fed by air pressure to the device. 

Mechanical distributors are also pump-fed, unless 
applied to an automobile motor, with the fuel-tank at 
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a higher level. These, as has been indicated already, 
supply a definite dose of the fuel to a free air-chamber 
at or near the inlet valve of the motor, the dose being 
immediately atomised or vaporised by the free air- 
currents ; which, of course, vary in velocity (and volume 
in a given charging period to a certain extent) accord- 
ing to the piston-speed, while the fuel-dose is kept 
constant in amount. There are very few of these 
devices in use, although their vogue is likely to in- 
crease, seeing that, so long as the distributing mechanism 
is not too complicated, they afford the most reliable 
method of carburetting. The best-known distributor 
is perhaps the Gobron-Brilli^, in which a revolving 
cone, with small pockets in its face, makes an oil-tight 
fit in a chamber supplied by a pump beneath, and com- 
municating with an air-induction pipe above ; the cone 
being rotated at such a speed as to expose a pocketful 
of fuel at each charging period in the cycle. Another 
is the White overflow distributor, in which device a 
cylindrical glass feed-cup forms the body. Into the 
bottom of this three pipes are extended upwards, the 
openings of the first two being on the same level, while 
the third, the return overflow, extends a little higher. 
Consequently, the overflow from the first pipe is drawn 
into the second — which communicates direct with an 
air-chamber formed by the air-inlet of the motor — by 
the inrush of air during the charging stroke. This 
takes in just the requisite amount of fuel, which cannot 
be exceeded, as the return overflow pipe immediately 
takes any excess. The White distributor is mounted 
on the cylinder head of a vertical motor, but for obvious 
reasons would not suit a horizontal one. 

So much, then, for the lungs of our motor. Now, 
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carrying the anatomical comparison a little further with 
the induction pipe — corresponding to the respiratory- 
passage of an animal — we shall note, curiously enough, 
in the first place, {a) that in all animals capable of rapid 
motion, whether short- or long-necked, the respiratory 
channel is free from abrupt bends ; {p) that its diameter 
increases as its length, or is maintained constant as the 
length is reduced ; and (r) that whenever the channel 
is duplicated (as at the nostrils), the length of each cor- 
responds. Thus the diameter of the windpipe of the 
horse or giraffe is much greater than that of the slower, 
shorter-necked ox, while in the still shorter-necked lion 
it is (proportionately to the relative size of the animals 
compared) quite as large as in the case of the ox. So 
with the motor, in which every abrupt bend in the 
induction pipe breaks the velocity of the incoming 
mixture and creates wire-drawing, the more for every 
bend ; />. hinders free inspiration. 

Similarly — as we saw in the case of the high-tension 
current — a long induction pipe (unless its diameter is 
increased in proportion) resists the inspiration of the 
mixture, and causes it to travel at a higher velocity for 
a given piston-vacuum in order to reach the cylinder in 
a given time. And just as no animal can move freely 
if half-throttled, the motor is semi-throttled or wire- 
drawn with such a pipe. Moreover, the increased velo- 
city of the mixture, as we saw, increases the freezing 
effect and spoils the mixture by taking too much fuel, 
or by recondensing the fuel-atoms before they can reach 
the cylinder. Again, in a motor with two or more 
cylinders, unless the inlets to each pair are {a) branched 
centrally from a common induction pipe, or {b) branched 
centrally from the ends of a second branch into the 
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centre of which that pipe leads, or {c) each have an in- 
dependent pipe of equal length to the air- or mixture- 
supply, the velocity in the induction pipe or branch of 
each cylinder will increase proportionately as it is 
further away from the main supply-pipe. Thus it will 
be more or less wire-drawn, much as an animal would 
breathe unevenly if compelled to wear a long and closely 
fitting tube in one nostril and not in the other. 

There is a kind of link nerve — I believe in all animals 
— called the pneumo-gastric, which forms a controlling 
connection between the respiratory and digestive organs. 
This — to conclude our anatomical parallel — corresponds 
in a measure to the governor, which controls the ex- 
haust, or ihe mixture volume inlet, or the fuel-feed, or 
both, and in some cases the ignition as well. This 
device consists of one or more weighted levers, the 
weighted ends of which are free, while their other ends 
are hinged to a fixed point, usually a spindle. This, 
again, is independently rotated, axially, by the motor 
shaft, or else the fixed point forms part of some 
mechanism rotated by the latter in any case, such as the 
cam-shaft or flywheel. The weighted lever or levers are 
linked in the middle by other short levers attached to 
a freely moving collar or sleeve on the spindle ; or on the 
crank-shaft, or on the cam-shaft, as the case may be. 
This collar engages with a series of linked levers which 
finally actuate the throttle of the induction pipe, or the 
fuel-feed, and sometimes the ignition as well ; or in still 
other instances the opening of the inlet or exhaust 
valves. 

Such, then, is the mechanism of the centrifugal 
governor, the most usual device, which, as will be 
gathered, acts by the centrifugal — flying-out — motion of 
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the weights above mentioned, when the rate of rotation 
exceeds the speed for which the governor is set For, 
as the weights move out or in, the short link levers 
naturally move the collar backwards and forwards, and 
the collar motion consequently sets the controlling levers 
in motion. Nevertheless, the governor is itself con- 
trolled by a second set of levers also bearing on the 
collar, to set the governor at a certain speed or prevent 
it acting. This is the accelerating motion (in the latter 
case), and is controlled by a final lever, the accelerator 
lever or pedal. Formerly, in exhaust governing, the 
governor was so arranged as to retard the opening of 
the exhaust valve by what is known as ** hit and miss," 
that is, a mechanical action which prevented the ex- 
haust-lifting rod from engaging at the usual instant with 
the valve spindle. This method was found to spoil the 
scavenge, cause condensation of exhaust products, and 
often prematurely ignite (back fire) the next charge. It 
was therefore abandoned in favour of governing upon 
the inlet, but another, though scarcely more satisfactory, 
system of exhaust governing is sometimes used, namely, 
that in which the exhaust valve is opened as usual, but 
held open a little longer. 

Now this last method, although it may give a 
thoroughly clean exhaust, spoils the inlet in one or 
other of two ways. The piston, of course, is moving 
independently of any valve-dwelling, and with an open 
exhaust valve either loses its vacuum or draws back 
some of the exhaust and causes premature ignition. 
At best, it reaches the end of its charging stroke with 
only a diminished supply of fresh mixture. Thus, 
although no wire-drawing results, the new charge is 
weakened, or the compression lowered, and power lost. 
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And with an auxiliary (a.o.) valve in the cylinder head 
the case is little bettered, as the additional air con- 
trolled by a variable tension-spring may well spoil the 
proportion of the new charge. It may be more direct 
in its action than when placed in the carburettor, as in 
recent practice, and may equally eliminate wire-draw- 
ing; and by correcting the abnormal pressure-fall in the 
induction at high speeds prevent too great a flow of fuel 
into the mixing chamber. But because of its situation 
in the cylinder head its spring is more likely to lose 
temper and tension and allow it to open too soon. 

We know, again, that an animal may work efficiently, 
upon occasion, scantily fed, but never when its respira- 
tion is checked. This, I think, finds its analogy in the 
recently introduced system of governing by throttling 
the mixture. Despite its universal vogue, I question 
its economy, and still more its alleged origin in steam 
or gas-engine practice (see page 97). Wire-drawing, of 
course, results, and the motor is thus equally starved 
and stifled. Consequently far more power is lost than 
is required to steady it. On the other hand, governing 
on the fuel-feed alone is quite as instantaneous and 
more economical, and because it in no way affects the 
size of the air-inlet does not cause wire-drawing or 
condensation by increasing the resistance to the air- 
currents. Furthermore, being arranged to reduce the 
feed slightly at high speeds, it not only keeps the mix- 
ture in constant proportion to give the best results, but 
cuts it out further as soon as the motor races. 

Now, with an animal, the function of the pneumo- 
gastric nerve may broadly be described as indicating 
whether it is receiving too much food for the exercise it 
is given, on the one hand ; or whether, food and work 
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being normal, it has sufficient pure air. But though it 
may indicate, it cannot remedy. The animal, unless 
measures are taken to alter abnormal conditions, simply 
loses health and working power. If, then, these condi- 
tions are such that the animal, though receiving a 
normal amount of food, cannot get rid of its waste 
products, the pneumo-gastric acts at once, and ill-health 
ensues. This is exactly what happens in a motor 
governed by exhaust delaying. If, again, food and 
work amounts be normal, but the supply of fresh air 
curtailed, the same result occurs, just as it does in a 
motor throttling the air-supply. And naturally, an 
animal, if both starved and deprived of sufficient fresh 
air, would lose strength at an extremely rapid rate, and 
take longer to recover than if it merely had its food 
reduced. 

Similarly a motor, throttled on the mixture inlet, 
loses its power much more rapidly, and takes longer to 
pick it up than is at all desirable or necessary to steady 
it. Yet if the food of an animal, rather "above itself — 
like a racing engine — be slightly reduced, though 
leaving it all the fresh air it needs, it will steady down 
without losing health or efficiency. Now the condition 
of " being above itself" is one of the earliest symptoms 
of too much food and too little exercise, and is caused 
by slight irritation of the pneumo-gastric. The only 
remedies, of course, are less food or more exercise. 
But the latter is just what we cannot give our motor, 
which is running too fast as it is. Therefore our most 
direct method is to reduce the fuel-feed only. Now our 
analogy has at least been shown to be appropriate in 
regard to exhaust-delay and air-throttle governing, 
both of which have been proved by experience to be 
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wrong methods. So, I venture to predict, will mixture- 
throttling be proved wrong ; indeed it is already dis- 
carded in many recent instances in favour of fuel-feed- 
throttling, or varying the lift of the inlet valves ; or 
holding them open longer to a free supply; or by cutting 
out cylinder by cylinder by keeping them open, like an 
animal going to sleep, ceasing to work, but as free to 
breathe as ever. 

Still, any such system must introduce further mechani- 
cal complications, and, speaking for myself, I should 
imagine that the most reasonable method of controlling 
an animal was neither to stifle it, stint it, nor allow it to 
doze even for a moment when it was supposed to be 
working, but simply to rein it. So with a motor : the 
system of reining it from the cam-shaft and governor 
by advancing or retarding the duration merely and not 
the extent or time of the lift of the inlet valves, would 
appear to be the most in accordance with the true con- 
ception of its physical nature, to say nothing of being 
simpler mechanically; timing the ignition to correspond, 
or not, as found best in practice. The piston-suction is 
not varied one iota by the change, nor the velocity of the 
mixture. Therefore a charge, unaltered in quality but 
merely in amount, must be aspired ; with proportionate 
power per impulse at all speeds. Such is the resulting 
range of speed control that the motor, so to speak, 
has its hocks under it at all times. Then, again, 
having fltted a good, automatic, atmospheric-pressure- 
controlled carburettor that breathes as the piston 
breathes, why not let it alone? Why complicate the 
working of a carburettor by linking it up with the 
water circulation, thus making its good behaviour 
depend on the condition of the pump? It is only 
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making a heavy, inelastic medium, water, control a 
light, elastic one ; thus we may get over-control at 
times. Furthermore, why link it mechanically with a 
lever system, the joints of which may break and must 
wear? Surely the plain snaffle action of a push-shaft 
and skew- cam is better than all the physical or 
mechanical gag-bits and bearing-reins ever invented. 




CHAPTER V 

TWO-STROKE INTERNAL-COMBUSTION 
MOTORS— SILENCERS 

IN the previous chapters the reader will have fairly 
grasped the constitution and working of internal- 
combustion motors of the four-stroke type. But the 
details of these have been given somewhat fully — and 
to a certain extent, from a constructional point of view 
— for three reasons. First, because most of the essential 
parts and their function, as well as the systems of 
ignition, lubrication, cooling, and carburation, are the 
same in two-stroke motors. Secondly, because their 
constituent parts, stationary and working, are very 
similar to those of the steam motors used for auto- 
mobile work. And, thirdly, because the discussion of 
electric ignition has formed some slight introduction 
to the methods of current-production in electric motors. 
We find, however, that the internal-combustion motor 
of the two-stroke type, though subject to the same 
physical conditions and possessing most of the same 
parts as the four-stroke engine, nevertheless differs 
materially in its constitution. It is not quite certain 
who was the first to discover this cycle, but the weight 
of evidence is in favour of James Robson, of Birming- 
ham, who took out a patent for such a motor in 1879, 
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and put it on the market in an improved form two 
years later. 

In this cycle an impulse is given to the piston — in 
other words, a working-stroke occurs — once in each 
revolution of the crank -shaft. The system, when in- 
troduced by Robson, was entirely novel, as will be seen 
from the description of its construction and operation. 
It has, of course, a c}linder, piston (and in stationary 
types, as a rule, a piston-rod with a pin or block sliding 
in guides, known as a crosshead), a connecting-rod, 
crank-shaft, crank-case, and flywheel. But, in common 
with the majority of its later adaptations, the two- 
stroke motor has no valves, with the exception of an 
air-valve in its carburettor, a throttle in its transfer- 
duct — of which presently — and sometimes an auxiliary 
air- valve in its crank-case. Instead, the piston acts 
throughout the cycle as a combined charge pump and 
slide-valve ; in its latter function covering and uncover- 
ing certain openings in the cylinder walls during its 
travel. These openings — which are known as ports--^ 
correspond to the valve openings in other motors. 
There are usually two of these, the lower or charge 
inlet being so placed as not to be fully uncovered until 
the piston has reached the end of its outstroke. The 
other, the exhaust port, though placed on a level with, 
and opposite to, the inlet port in some cases, is placed 
just above and opposite in the majority of examples. 

In Robson's cycle the inlet port constitutes one end 
of a transferring duct leading from a third port just 
beyond the limit of travel at the front end of the 
piston. This last is formed in the wall of an extension 
of the cylinder, which is closed to form a pumping- 
chamber, the piston-rod passing through a packed 
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gland or stuffing-box. Into this chamber, then, the 
gaseous charge is drawn by the suction of the piston 
at its first tnstroke. But although no work is done on 
th^firsi outstrokey the piston compresses the charge in 
the pumping-chamber. This compression lasts until 
the inlet port is uncovered, upon which the charge 
rushes up into the cylinder behind the piston. On the 
second instroke it is again compressed, and fired at 
or near the dead point — the other end this time — of 
the piston-travel. At the same time, however, the front 
end of the piston has drawn a fresh charge into the 
pumping-chamber. Ignition having taken place, the 
consequent expansion of the ignited charge drives the 
piston outwards in a working stroke, which is also a 
compression stroke on the other side of the piston. 
As soon as the exhaust port is uncovered — near the 
end of the outstroke — the ignited charge escapes as 
exhaust. Immediately afterwards, the inlet port is 
uncovered, and the new charge rushes in ; the same 
operations being continuously repeated during every 
revolution of the crank-shaft. This constitutes the 
Robson two-stroke cycle, and it is impossible to con- 
ceive anything simpler. 

But this very simplicity has proved highly treacherous 
to almost every innovator except that eminent engineer, 
Mr. Dugald Clerk, who used a separate charging pump 
— worked at even strokes with the working cylinder 
— instead of using the front end of the cylinder, as a 
pumping-chamber. He, so it is said, was the next to 
follow Robson ; nothing further of any importance 
being done until Joseph Day, of Bath, patented (in 
1 891) a motor in which the cylinder was practically 
shortened to little more than the length of the piston- 
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yet ; for although various patents exist for two-stroke 
compound motors, it does not appear that any have 
been manufactured. Nevertheless, compounding is said 
to have been successfully achieved in the Roser- 
Mazurier and Graham-^Fox four-stroke motors. In the 
first of these the exhaust of two cylinders is led into a 
larger central one of twice the size, the piston of which 
receives a working impulse during each revolution of 
the shaft, as in a two-stroke motor. 

Motors of the Day type have, nevertheless, been 
extensively adopted in Great Britain and the United 
States for marine work, aboard small launches and 
yachts in which neither high speed nor power above 
8 h.p. or so are required. At all events, they are said to 
fail at high speeds or with varying loads, which has led 
to their comparative n^lect for autocar purposes, 
except by one or two manufacturers in the United 
States. But since they have been improved in detail so 
as to render them undoubtedly reliable for launch work, 
one would imagine that any disabilities under which 
this cycle is supposed to labour are not so much 
inherent as due to faults in design in various examples. 
There is also the Bichrone two-cycle type, in which 
the gaseous charge is pumped into the working cylinder 
— through a non-return a.o. valve — from an auxiliary 
cylinder set at an angle of 45°, so that the pumping 
piston may be connected to the same crank as — and 
work synchronously with — the working piston. The 
disadvantage of crank-case compression is thus elimina- 
ted in this type, and very little weight is added, but the 
whole has a cumbrous appearance. 

Another variation is shown in the two-stroke motor 
recently invented by A. F. Evans, of Cambridge. In 
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this, cranlc-case compression is used, but only for air. 
The carburation .jnstitutes the novelty, in fact; as the 
atr passes through the transfer lead in the usual 
manner, but passing the mouth of a narrow tube mid- 
way, which leads from a small petrol receptacle attached 
to the cyclinder body, it siphons up a sufficiency of fuel 
to form an inflammable charge, the petrol being atomised 
as in an ordinary perfume sprayer. The inflammable 
charge then enters the combustion-chamber from above 
through a non-return a-o, valve, as in the Smalley 
motor. The Underwood paraffin motor, as well as 
that of Lucas (7539 of 1902), approximate to this 
system. 

The latest application of the two-stroke cycle — bne, 
furthermore, which is entirely novel in design and opera- 
tion — is the Heasman motor, now being manufactured 
by the Noble Motor Company, of Biackfriars, London, 
It operates, not by crank-case compression, but by a 
vacuum created in the lower half of its cylinder, which 
draws in the new chai^ as well as scavenging the 
exhaust The cylinder is cast in two halves, upper and 
lower, with narrow and wider diameters respectively. 
The former is the working cylinder, while the latter — 
the broader one — is the vacuum -cylinder, and has a 
carburettor opening into it as well as a short transfer 
lead. In both of these travels a long, double-ended 
trunk piston of special construction, with two diameters, 
corresponding with those of the cylinders. Its nar- 
rower diameter is extended downwards into the lower 
cylinder for all but an inch and a half of its length, 
widening from that point to the bottom of the trunk to 
fit the lower cylinder. It thus forms a double-ended 
piston, carrying rings at both ends. But as its narrower 
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part extends for some three-fourths of its length, it 
follows that a large annular chamber is formed around 
it in the lower cylinder, the capacity of which varies 
with its travel. This constitutes the vacuum chamber. 
The exhaust valve is in the usual situation, at the end 
of the piston-travel ; but the induction system is dis- 
tinctly novel in mechanism and working. It consists, 
firstly, of a non-return valve opening from the induc- 
tion pipe into the upper part of the lower annular 
chamber. Above this, the short transfer lead communi- 
cates by a second non-return valve (opening the opposite 
way) with a larger transfer or storage lead, which runs 
upwards over the top of the working cylinder and opens 
downwards into it through a third non- return valve, 
the inlet- valve proper. Now, during the first four 
strokes at the start, the motor acts partly on the four- 
stroke principle; that is, the charge is drawn into the 
annular vacuum chamber during the first stroke by the 
lower end of the double piston. The latter then drives 
it upwards into the storage lead through the second 
valve during the following instroke ; the charge being 
next drawn into the working cylinder during the second 
outstroke, which also draws a second charge into the 
vacuum chamber below at the same time. The first 
charge is then compressed and fired at the end of the 
second instroke ; and the two-stroke cycle now begins ; 
for the lower end of the piston, during the second in- 
stroke, drives the second charge up into the storage lead 
(where it is stored at a pressure of two atmospheres) at 
the same time that the upper end is compressing the 
first charge to six atmospheres before ignition. The 
difference in the two pressure -rates of course keeps 
the inlet valve above tightly closed. But the moment 
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the next — the first working — outstroke is complete, and 
the pressure of the exhaust gases has fallen below two 
atmospheres (during which time a third charge has been 
drawn into the vacuum chamber below), the pressure of 
the stored charge opens the inlet valve and enables the 
charge to completely fill and scavenge the working 
cylinder. The third charge is then driven up to take 
its place in the storage lead during the next instroke ; 
at the end of which ignition again occurs, and the two- 
stroke cycle is continued ; as the outstroke, of course, 
draws in another charge below ; which again replaces 
the third charge in the storage lead, and so on. 

It will therefore be seen that the Heasman motor, 
apart from the novelty of the cycle, possesses the 
advantages of complete scavenging of the exhaust — 
in which respect the majority of Day-type motors fail 
at high speeds and varying loads — and complete filling 
of a clean working cylinder without the possibility of 
any of the new charge escaping into the exhaust Withal 
the combined cylinder is no longer than that of an 
ordinary Day-type motor ; and — since no compression 
takes place in its crank-case — this can be made as open 
and accessible as the crank-case of any four-stroke 
motor, thus rendering the whole construction some 
30 % lighter. Another result of this gain in accessibility 
to working parts is that the crank-case never needs 
removing from its bed, the cylinder only being removed 
for overhaul or repair. Other claims made are exceed- 
ingly high power at low speeds, tow fuel consumption 
(55 of a pint of petrol per b.h.p. said to be have been 
made at the test), and freedom from vibration at all 
speeds. Should future working substantiate these, we 
i may see a two>stroke motor at last applied to auto- 
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cars with success ; but in any event, the Heasman 
motor so thoroughly constitutes a new type that the 
present work would be incomplete without its detailed 
description. 

All internal-combustion motors are fitted with a 
device known as a silencer, which, as its name indicates, 
is used to silence — or at least muffle — the noise made 
by the exhaust gases as they pass out at the end of 
each working stroke. This device has not been men- 
tioned before, because — although universally used for 
obvious reasons — it is not essential to the efficient 
working of a motor, and indeed, unless properly de- 
signed, detracts from its efficiency by setting up back- 
pressure. The noise of the exhaust is caused by the 
sudden liberation of gases, previously confined at a 
high pressure, into the surrounding atmosphere without 
being gradually expanded, />. having their pressure 
gradually lowered. The silencer, therefore, consists of 
a chamber in which that pressure is lowered as gradu- 
ally, though rapidly, as possible ; any break or sudden 
arrest of this process setting up back-pressure into the 
motor — i,e. incomplete clearance or scavenging of the 
gases, which, of course, prevents the normal volume of 
the new charge being inspired during the following 
suction stroke. And since the exhaust and induction 
occur once to twenty times every second, it will be 
seen that anything which hinders the former being got 
rid of with the utmost rapidity and thoroughness, must 
materially upset the efficiency of the latter, as the 
inability to aspire a normal charge naturally lessens 
the power of the next working stroke. Consequently 
the less back-pressure set up in the silencer, the more 
efficient will the motor be. Indeed, a perfect silencer 
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should muffle all exhaust noises without setting up any 
back-pressure whatever. 

Silencing is achieved by two principal methods, dry 
and wet, or by a combination of both. In the first 
method the object is to lower the velocity of the gases 
— Le, the pressure impelling them — simultaneously with 
deadening the noise. This is effected first by gradual ex- 
pansion in a large closed chamber, usually of cylindrical 
form, and divided up into a series of freely interconnect- 
ing expansion chambers ; and, secondly, by turning the 
stream of the gases at a right angle to its last direction 
perpetually, and splitting it up into smaller streams. 
These chambers should increase in area from within 
outwards, and the innermost one should at least be of 
larger diameter than the exhaust inlet pipe. Further- 
more, the outlet from each, whether by a single passage 
or a number of perforations made so as to split up the 
exhaust stream, should be larger than its inlet, to avoid 
back-pressure. The second method — the wet one — is to 
condense the gases in cold water or some deodorising 
fluid in the outer chamber of the silencer. In this case, 
too, it is important that there should be at least one 
central expansion tube of larger diameter than the 
exhaust inlet for the gases to pass into before conden- 
sation, so that expansion may be well in progress, and 
that there may be something interposed between the 
inlet and the condensing fluid to prevent them recoiling, 
so to speak, from the condensation and returning to 
the exhaust pipe. This is provided by the walls of 
the first tube or chamber ; for once the gases have 
passed through its perforations, it is easier for them 
to expand still more in the larger condensing chamber 
than it is to return and set up back- pressure. They 
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are therefore condensed in the latter, and then cannot 
return. 

In the first method of plain, dry expansion and ex- 
haust-stream-splitting, if there be only one large outer 
chamber round the central one, it is important that the 
final outlet should be small and indirect — such as is 
afforded by a supported pipe of small bore ; that is, 
if the secondary essential, complete silencing, is to be 
achieved. For obviously a large direct outlet would 
afford the readiest path of direct expansion to atmo- 
spheric pressure, and the gas streams would rush to- 
wards it at once with their velocity only once reduced. 
And as velocity presumes pressure, it follows that their 
noise would be very slightly diminished at such an 
outlet. Also, the valuable effect — even and general ex- 
pansion — of the extra size of the outer chamber would 
be utterly lost. Thus the reasons why the combined 
system — i,e. water-jacketing the expansion chambers — 
is the best will be apparent ; seeing that not only is the 
exhaust stream split up and gradually expanded, but 
its velocity is reduced, because the condensing effect of 
the cooling water-jacket has reduced the heat and there- 
fore the pressure. Again, the water-jacket itself — which 
is supplied from the motor cylinder-jacket — helps to 
deaden the noise of each successive expansion. Also, 
fewer expansion chambers are required, and the whole 
device will be more compact. 

There are, however, many so-called silencers which 
merely consist of one expansion chamber, with a series 
of internal ribs, flanges, or baffling plates, which simply 
turn the course of the exhaust stream without reducing 
its velocity in the least Others, again, are filled with 
such matter as pebbles, steel shavings, or scrap wire. 
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These are useless also, for the same reason, even though 
they may split the stream to some extent. But both 
are only successful as silencers in proportion as they 
set up back-pressure, and get terribly hot in working.' 
For this reason, too, the expansion chambers of dry 
silencers should not lead into one another in abrupt 
bends, bassoon -fashion, as such bends constitute so 
many baffles. Easy bends, with bell-mouthed openings, 
or, best of all, free perforation, is the best means of 
communication between one chamber and the next 
There is, nevertheless, a type of dry silencer with 
yielding baffles which is thoroughly efficient, this being 
the rotary silencer, resembling an ordinary rotary 
bellows, pump, or fan — such as that used for mine-shaft 
ventilation — in miniature. The rotar in this is free to 
revolve, and the exhaust stream is broken up by being 
pocketed in the spaces between the blades, the latter 
acting as yielding baffles which check its velocity. 
Further, as the stream is turned round at a right angle 
from its course, it is effectively silenced, and the suck- 
ing action of the rotary, acting even faster than the 
exhaust stream pressure, aids materially in scavenging 
the cylinder. 

The best dry silencer I have ever seen, so far as 
design is concerned, is the Dunlop acoustic muffler. In 
this a plain straight pipe, with two openings in its walls 
— opening into expansion chambers — communicates 
with the exhaust at one end and with the open air at 
the other. Now in such a tube the vibrations of the 
sound waves going through intersect each other at 
points known as nodes. Here their vibration ceases 
temporarily, but is greatest at the antinodes or loops 
between the nodes. At these antinodes, however, the 



TWO-STROKE MOTORS 



95 



openings into the expansion chambers occur, in the 
Dunlop device ; the two chambers being formed by a 
single diagonal division — through which the tube runs 
— from top to bottom of the silencer. They thus act as 
silencing chambers ; and there being no obstruction in 
the tube, the exhausf passes out in one continuous, 
noiseless stream, any back-pressure being out of the 
question. Similarly the best water-jacketed silencer, 
in my recollection, resembles an ordinary Scotch boiler 
with domed chambers at its inlet and outlet. The 
combined area of its flue-pipes — round which the 
water circulates, as in a boiler — is about twice as great 
as that of the exhaust pipe from the motor, thus giving 
ample opportunity for unrestricted expansion, passage, 
and condensation. In this case, however, it is essential 
that the final outlet to the air should be large and 
direct, so as to give free exit to the exhaust streams, 
which have been split in the water-cooled flues and 
condensed to atmospheric pressure, or thereabouts. 



CHAPTER VI 
STEAM MOTORS 

SECOND alone to the internal-combustion motors 
described typically in the foregoing three chapters, 
we have the various makes of steam-motors used on 
automobiles, with their essential boilers or steam 
generators of one kind and another. These motors — 
or, as they are generally termed, engines — as applied 
to road carriages, are either single or double-acting, 
simple or compound. In all, the essential parts are 
very similar to those of an internal-combustion motor ; 
that is to say, that all have cylinders, pistons, connect- 
ing-rods, and a crank-shaft to receive the power gener- 
ated on the one hand, and to turn it into mechanical 
work on the other. But the main physical differences 
between these and the latter are that each piston 
receives one impulse (and in double-acting examples, 
two) during each revolution of the crank-shaft, and that 
all can be reversed ; that is, made to turn the crank- 
shaft in an opposite direction to that in which it is 
rotated for forward propulsion. A third difference is 
that their average working rate of speed is far lower, 
and therefore does not require to be reduced by means 
of special gearing between the engine and the trans- 
mission shaft, all changes of speed being effected by 
regulating the amount of steam admitted to the 
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cylinders. Thus, not only is the flexibility — i.e. range 
of speed — of these steam engines rendered much 
greater, but no power is lost further than the small 
percentage lost through friction on bearings, etc., during 
direct transmission ; which loss is, of course, common to 
all motors. 

A fourth point of difference is that this speed reduc- 
tion, although effected by regulating the amount of 
steam admitted, has not the wire-drawing effect of 
throttling the amount of mixture to the cylinders of 
an internal-combustion engine, seeing that the steam, 
being supplied from the boiler under a pressure varying 
from six or seven to twenty atmospheres, is naturally 
highly expansive, whereas a gaseous chaise as it leaves 
the carburettor is only expansive so far as it is volatile. 
And yet a fifth difference is that the steam — unlike the 
ignited inflammable charge of an internal-combustion 
motor — does its work at a comparatively low tempera- 
ture; the one varying from 170' to 190* C, — and even 
when superheated only reaching from 350° to 540' C. — 
while the other, as we know, is about 2,000* C. Conse- 
quently, so far from there being any need to cool the 
cylinders — lest, despite all lubrication, they overheat, 
bum their valves, and seize their pistons — means have 
to be provided in the case of the steam motor — such as 
lagging with asbestos encased in metal or hardwood, or 
even jacketing the cylinders with superheated steam — 
to keep the heat in, so that they may not part with it 
by radiation to such an extent that the steam becomes 
partially condensed. 

Still another physical difference is that of the ex- 
pansion effort Steam, instead of acting like an explo- 
sion, is practically constant as to its pressure, this only 
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gradually increasing against the resistance. On the 
contrary, the maximum expansion effort in an internal- 
combustion motor occurs at the beginning, and is only 
maintained for about a fifth of the stroke, rapidly 
decreasing towards the end. Thus, if the work to be 
done is too great, it will be unable to overcome the 
resistance; and although it may break a connecting- 
rod, wrench the crank-shaft, or even burst the cylinder, 
will vanish as the pressure is reduced to that of atmo- 
sphere. Thus, even if no structural damage be done, 
the motor will stop unless the overload be removed. 
The maximum effort will have been expended ; and 
even were it conceivable for still other expansions to 
be produced in a motor that had ceased performing the 
normal operations of its cycle, the effort of each would 
have no better success. The only effect would be the 
gradual disintegration of the structure. But the steam- 
expansion, on the other hand, continuously reinforced 
from the boiler in which normal working conditions of 
fuel-heating and evaporation of water are being main- 
tained, will positively overcome the extra load, or burst 
something — either a cylinder head, a steam connection, 
or the boiler itself — inevitably ; that is, if these condi- 
tions be continued and no outlet provided, such as a 
safety-valve, for the steam to escape. This because 
under such circumstances the pressure of steam — and 
therefore the effort — is cumulative. This quality of 
being able to make an extra effort, called elasticity — 
too often confounded with that of flexibility, of which 
it is nevertheless a factor to some extent — constitutes 
in practice, perhaps, the chief advantage held by the 
steam engine as against the internal-combustion motor. 
Structurally, again, still greater differences exist be- 
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tween the former and the latter. For one thing, since 
the compression of the power ■ element is produced 
externally, and though continuous, is lower, and acts 
throughout, as has been shown, at a far lower tempera- 
ture, we are not hindered, for mechanical reasons, from 
using both sides of the same piston alternately, so as to 
obtain two impulses in each cylinder for every crank- 
shaft revolution. Engines of this type are known as 
double-acting. In single-acting engines, on the other 
hand, the cycle is the same in each cylinder as in a two- 
stroke motor ; and trunk-pistons, differing but little from 
the piston of one of the latter, are used, with similar 
connecting-rods. To resume, the piston of a double- 
acting cylinder consists of one or more solid discs — or, 
at most, a disc with a flange vertically truncated down- 
wards — carrying the usual packing rings. Such a piston, 
instead of carrying the usual gudgeon-pin with a con- 
necting-rod, is bolted centrally upon, and rigid with, 
one end of a rod — the piston-rod— which moves up and 
down with the piston-travel through a packed gland — 
the stuffing-box — in the closed front end of the cylinder. 
Outside, it is attached centrally to a pin — the cross- 
head — which is held between two sliding guide-pieces, 
or forms the upper part of a single-sliding block. To 
this pin also, but on either side of the piston-rod end, 
the small end of the connecting-rod is attached by 
forked arms or jaws. 

Again, since steam, after it has done its work in one 
cylinder, still seeks further expansion, it can be used 
again to give a further effort in a cylinder of larger 
diameter. This is called compounding. At a high 
ordinal pressure still other cylinders can be used in 
triple or quadruple expansion. These last, however, if 
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only for reasons of bulk, are not used for automobile 
purposes. But even in low-powered engines the com- 
pound system, for some reason or another, is compara- 
tively rarely used in automobile construction, probably 
owing to some belief on the part of manufacturers that 
the greater bulk of the low-pressure cylinder offsets 
its undoubted economy. Personally I disagree with 
this idea, although admittedly among the minority, in 
view of the mass of working conditions, and the cir- 
cumstances governing them, as well as the variations of 
road work. Principally we desire to eliminate bulk ; 
also, over-powering under normal conditions. Yet we 
must have reserve power for emergencies. For instance, 
on a level road the normal horse-power of the usual 
engine is generally more than sufficient, but the moment 
a steeper or stickier ascent than usual has to be tackled 
nothing beyond the normal effort is available with two 
or more high-pressure cylinders. Thus speed appreci- 
ably slackens, the last thing desirable on a heavy road. 
Either this, or we must have a higher-powered engine 
than we need under normal conditions. This means 
slightly more bulk and greater expenditure of fuel and 
steam. On the other hand, using the compound system, 
we can have an engine of moderate' power for ordinary 
working conditions, and arrange it so — by fitting a 
special device (a simple two-way throttle-valve con- 
troller)— that the larger low-pressure cylinder can be 
turned into a high-preSsure one at once by actuating 
this controller, which leads the steam directly into it. 
Thus as emergencies arise we can increase the available 
power by at least a third. Speaking from memory, I 
can only recall two steam cars, the White and the 
House, which are fitted with a compound engine, to 
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which fact, in my opinion, the phenomenal success of 
the former, both in all-round reliability under the most 
disadvantageous road conditions and in hill-cHmbing 
power, is largely due. 

Now, owing to the constant pressure of steam — that 
is, under ordinary working conditions — it happens that 
it can be " fed," so to speak, through the leads to the 
cylinders in varying quantities according to the speed 
desired. The feeding mechanism is, of course, the 
valves, which are of three kinds — slide, piston, and 
poppet respectively. The first kind is the most varied 
as to type, one variety being like a cup with flanged 
edges, which open or cut out the leads to or from inlet 
or exhaust ports ; while in another form a revolving 
disc with coinciding openings is used. In fact, any 
device which, when actuated, opens or cuts out the 
leads, admitting the steam {a) to one side of the piston 
or another in one cylinder, or {b) to another cylinder, 
compound or otherwise, or {c) allowing it to pass to the 
condenser as exhaust, by (i) a reciprocating — to and 
fro — or (2) a rotary sliding motion, or (3) an eccentric 
motion, may act as a slide-valve. Piston-valves, on the 
other hand, are small solid pistons, mounted two on 
a rod in the case of double-acting engines. These, 
reciprocating in a smaller cylinder — the valve-chest — 
which the steam enters from the steam-chest, connected 
with the supply-pipe from the boiler, open and cut out 
the leads to and from the working cylinder in the same 
way. Poppet-valves have already been described in 
the chapters on four-stroke internal-combustion motors. 
They act, as may be supposed, much in the same style 
in the single-acting steam engines, to which they are 
apparently only applicable, with the exceptions that 
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each one of the pair, inlet and exhaust, that are fitted 
to each cylinder opens and closes once during each 
piston cycle, and that the timing and degree of opening 
and closing are both varied through a wider range. 

The mechanism, nevertheless, which actuates the 
valves of a steam motor is entirely different from any- 
thing having a similar function which has been dis- 
cussed hitherto, except in one or two cases, such as the 
Gardner-Serpollet and " Jaxon " engines, which bear a 
striking resemblance to internal -combustion motors. 
Such mechanism necessarily differs, because the timing 
of the movement of the valves has to be varied through 
the range of the piston stroke from some lo per cent. 
to about 85 per cent, of the travel. This, in order that 
so much more, or less, steam may be fed to, or passed 
from, the cylinder ; the amount, as will have been 
gathered from the previous paragraphs, varying the 
speed. Consequently, be the amount what it may, the 
mechanism is always moving at greater or less speed 
throughout the cycle ; the valve-spindle, or tripping-rod, 
as the case may be, also constantly moving ; although, 
as has been said, the range of movement and the speed 
vary. But there is no sharp action followed by a brief 
period of quiescence, as with the valves of a four-stroke 
motor, the valve mechanism of which is actuated by a 
cam, constantly rotating, but intermittent in action. 
Were it otherwise, the continuous and varying action of 
the valves, which gives such extensive speed-range, 
would be lost, and with it the whole advantage gained 
from the supply of a power-producing medium at con- 
stant pressure from without. 

Consequently, instead of a cam, an eccentric, which 
gives constant motion throughout the cycle, is used as 
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the basis of the valve-actuating mechanism. This, 
instead of being formed on a half-time shaft, is usually 
situated on the crank-shaft itself, and in any case 
rotated at even turns with it. Furthermore, the eccen- 
tric must be of such a size as to move the valve 
throughout the range of its designed travel, or (accord- 
ing to the setting of the intermediate mechanism, which 
will be discussed presently) to any required degree, no 
matter in which direction it may be rotating itself. A 
crank, it would be thought, would do this, since a con- 
tinuous reciprocating motion is required for the inter- 
mediate mechanism, if it is to impart the desired 
motion to the valve. Nevertheless, a crank will not 
do ; first, because this motion has to be duplicated in 
a very narrow space — for a reason that will appear — 
and secondly, because of the said duplication, it would 
be well-nigh impossible to form two cranks in that 
space. Under these circumstances, we can best obtain 
the desired motion by keying (or forming) two eccen- 
trics on the shaft side by side, in suitable relation to 
each other, to give a double crank motion when each is 
held in a freely moving collar — the strap — which forms, 
in its two halves, the " big end " of a connecting-rod. 
Obviously, even were the intention of the whole design 
not against doing so, it would be impossible to fit such 
a rod on an intermittently acting cam. -■ 

But the reason why two such rods — .iiid therefore 
two eccentrics — are required to act in such ii narrow 
space, is that their other ends are conmtt 
cross-link in what is known i 
motion. This link consists^ 
kidney shape, and is held J 
the rods which are (uyi 
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formed on one end of the valve-IIfting or tripping rod, 
or, in most instances, a pin held between two jaws, 
similar to the connecting-rod attachment, moving freely 
in the slot. These attachments, by means of sli^t 
bends on the rods, chiefly, are made at one side of the 
link. On the other, it is attached at one end to a small 
arm, the other end of which is connected to a pin held 
(opposite the other end of the link) in a sleeve ; which 
again, forms one end of a T-shaped lever. This lever is 
rigidly secured to a transverse rocking-shaft, that is, 
one capable of slight axial rotation. The other end of 
this pin is secured in the same way to an arm attached 
as before to a similar link-motion, the valve-actuating 
mechanism of the second cylinder. Thus it will be 
seen that this pin connects both mechanisms, and that 
rocking the shaft pulls the links by their arm-attach- 
ments to the pin — in or out — thus altering the position 
of the valve-rods in their slots. Now, one of the two 
connecting-rods in each link-motion is longer than the 
other, therefore the angle of the link with its valve-rod 
is altered as it is moved in or out, that is, the end of 
the link is lifted or lowered. This increases or reduces 
the length of the valve-rod stroke, while maintainii^ 
the continuous reciprocating action. Similarly, t^ 
rocking the shaft so that the relation of the links ia^ 
reversed, a momentary dwell occurs in the valve-roda J 
midway in their travel. This causes a similar dwell t 
the pistons (as the steam exhausts without movind^ 
them), and consequently in the crank-shaft rotationfl 
But so soon as the link-reversal passes mid-point, 1 
exhaust is closed by the valve, the steain again fed I 
the same side of the pistons as at last admission, 1 
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piston action reversed, and with it the rotation of the 
crank-shaft. This constitutes the reverse. 

Numerous other valve-gears are used for the engines 
of steam-driven vehicles, such as Joy's and Walschaert's, 
etc, but the Stephenson link-motion has been described, 
being the one which is most generally found, especially 
on the light and medium types of steam car. We find, 
however, in the majority of single-acting engines in 
which poppet valves are used, that the cam — or rather 
an eccentric used as a cam, not the typical one — is em- 
ployed to lift the valve-spindles and their rods. But 
these special cams are coned literally more or less, so 
as to vary the lift and cut off, to cease to lift, and to lift 
again in order to reverse. Such, for instance, is the 
construction of each eccentric cam on the central cam- 
shaft in the well-known Gardner-SerpoUet steam motor, 
all these being mounted together in one long undulat- 
ing sleeve-like cam, keyed rigidly on the shaft In 
early constructions this cam and shaft were made in 
one solid forging. This composite eccentric cam then 
acts upon rollers mounted on lifting rods, which again 
act upon the spring-controlled valve-spindles exactly as 
in a four-stroke internal-combustion motor, the only 
difTerence being that the action is more or less con- 
tinuous, not intermittent 

The cut-off, neutralisation, and reversing are obtained, i 
as will be imagined, by sliding tho shaft lengthwise in/ 
its bearings, and in the spur-gear by which it is driven^ 

shaft being square-sectioned at that end, so as t 
slide freely in the gear rt'hi'i: roUtiiiL' Ttiii spqfjtgf 
is driven at even turns b', 
shaft common to the a>rin&cmtg-<fft» •>! <h« qj 
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threes, each pair having one admission pipe to the 
inlet-valve chest in the centre of their heads, and one 
exhaust pipe branched from the ends. Nothing, in fact, 
could be less complicated than a Gardner-Serpollet 
steam outfit, were all its parts as simple as the engine: 
There are other systems of cylinder arrangement and 
valve-control, but since the above examples typify the 
principles on which the majority of reciprocating steam 
motors work, there is no need to enter into the mechani- 
cal differences between each of the numerous makes, 
such as the Toledo, Mason, Weston, White, House, and 
Serpollet (described in the foregoing paragraphs in 
general detail), Chelmsford, Chaboche, Miesse, Thorny- 
croft, Le Blant, Scotte, Reading, and one or two others 
used on light and medium cars ; or the " Lifu," Simp- 
son-Bodman, Kecheur, de Dion-Bouton, Coulthard, 
Musker, Leyland, Bayley, Foden, and Clarkson-Capel, 
among heavy steam waggons and lorries. These de- 
tails, interesting enough, but too voluminous for the 
purposes of this book, may nevertheless be obtained 
in any of the larger standard works on the subject 

Although rotary motors certainly represent the only 
avenue of marked advance in steam practice, it is 
generally admitted that hitherto, despite their theoretical 
economy, they have not proved satisfactory. Mention 
should however be made of one, the Nfcgre, which may 
be described as semi-rotary, because though its working 
parts reciprocate, it is practically rotary in action, as 
there is no dead point Furthermore, it is compact to 
a degree, and possessed of a very great range of elas- 
ticity and flexibility, its horse-power varying from 8 tn 
20 — at pressures of 140 lbs. to 215 lbs, per sq. 
through a speed range varying from 200 to 1,000 n 
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tions per minute. It consists of four short cylinders 
(with single-acting, short-stroke, solid pistons) arranged 
opposite each other in the form of a cross, as the aims, 
so to speak, of a large central cylinder, which acts as a 
shaft casing, steam chest, valve chest, and reversing- 
gear case in one, the portion behind the working 
cylinders acting in the last three capacities. The inlet 
and exhaust - leads to each cylinder open into this 
common central steam chest, and are opened and closed 
by one of two flat annular flanged slide-valves, both 
mounted on one eccentric on the shaft, the inner one 
being otherwise unattached. These valves consequently 
have two motions, as they slide to and fro against the 
leads, and rotate to each cylinder in turn, the inner un- 
attached one actually opening and closing the leads with 
its flanges and body, while the outer slide moves in 
similar fashion to open and close holes cut in the body 
of the inner one. This outer slide is secured to a disc 
plate— through holes cut in the latter — which is mounted 
on a free sleeve-bearing on the shaft, so as to enable 
it to rotate with the slide-valves. This bearing again 
carries a short stud, on which a bell crank is pivoted ; 
one arm of the be!) crank being secured in a slot on the 
disc plate, while the other is connected by a short rod 
to a collar or sleeve, which is free to slide along the 
shaft, but rotates with it Furthermore, one end of a 
short lever is formed into a stud entering this collar, 
while the other end Ju|tttaJB«^ on a cross-arm 
entering tlic gear<cM^^^^HDSt I«ver without. 
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steam, cutting it out, or reversing it The slide-valves, 
too, are arranged so that when the steam is admitted 
behind one piston, the exhaust takes place in the 
opposite cylinder, while the two intermediate pistons 
are in the middle of their working and exhaust strokes 
respectively. 

Again, the rods from each opposite pair of pistons 
meet rigidly in the centre of an elliptic frame; Thus 
the two frames reciprocate across each other's plane ; 
and as they both surround a roller bearing, mounted on 
an eccentric pin — practically a crank-pin — on the end 
of the central shaft, rotate the latter as they reciprocate. 
Now since the valves — as will be seen from the fore- 
going — admit the steam to each cylinder in turn, the 
steam effort circulates, so to speak, around the cross. 
This produces continuous piston movement acting in 
the same rotary fashion, the result being that there is no 
dead point at any period of the shaft rotation. Moving 
the control lever from one end of its guide-plate to the 
other, as has been already indicated, reverses the relation 
of the slide-valves, the steam lead, and consequently the 
shaft rotation ; intermediate positions giving all varia- 
tions of steam admission, while holding it at the middle j 
point— corresponding to " mid-link "—causes the dw 
ing between changes of rotation, or if maintained, 
stopping of the motor. And since the mcasura 
from the outside of one cylinder head to that of tl 
opposite is only l6 inches — cyli 
being 4 inches and 2^ inches 
measurement from the front c" 
to the outside of the shaft be 
barely 20 inches, it will be seen 
motor is a wonderfully compact ' /A 
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engine. It is also claimed that its economy in steam 
is remarkable. 

Another semi-rotary is the engine ascribed to Brother- 
hood or Colt, in which several cylinders with single- 
acting pistons are mounted horizontally — revolver 
fashion — round a central shaft carrying a rocking-disc. 
This disc, though free to rock in all directions, cannot 
rotate without the shaft, but, as the piston rods all 
impinge upon it in turn, a rotary motion is imparted 
to the disc and shaft, the former driving back each 
piston in the exhaust stroke as it receives the impulse 
from the one on the other side of the series. Such, at 
least, is the description I have received of the working 
of this motor, the accuracy of which I do not accord- 
ingly vouch for. But I should imagine that as much 
power was lost through friction of the numerous parts 
as could be gained from the rotary character of the 
device. Turbine rotary motors have also been pro- 
posed for automobile work, but would not answer in 
practice, in my opinion, because they are only efficient 
at a very high speed. This would not only require a 
high normal fuel, water, and steam consumption, which 
would be largely lost, as reducing gear would have to 
be fitted, but power would be lost both in this gearing 
and that of the transmission to the road-wheels. 
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BOILERS AND BURNERS 



WE have now to consider the various types of 
boilers or generators employed for the steam 
propulsion of road vehicles, the choice of each type, 
and to a certain extent its construction, being governed 
by several inseparable conditions. In the first pla^ 
they must be as light as possible, consistent with safety, 
efficiency, and durability, since they represent, in any 
case, so much dead weight, which the engine must 
propel, as well as its own weight, that of the connec- 
tions and other parts — condenser, fuel or fuel-and-tank, 
water- and- tank — before any account is taken of the 
weight of the car body, wheels, and passengers. 
Secondly, they must be as little affected as possible \ "" 
any contingencies, such as road-shocks, which must i; 
no case hinder their ef^cient working. Thirdly, thw 
must not only be able to generate steam rapidly s 
after the start from a freshly lit fire or burner and ccd 
water up to a working pressure — the " head of steam"; 
from 1 50 to 250 lbs. per square inch — but must continll 
to maintain that pressure with economy and genei 
all-round efficiency without interruption. 

Fourthly, this generation must be effected witt 
small compass — the smaller the better — because g 
bulk of parts, quite apart from any question of ^ 
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is out of the question on a vehicle intended for trans- 
port And fifthly, they must be safe for comparatively 
inexperienced persons to handle, and easy to regulate, 
or at least safer and simpler than ordinary stationary 
locomotive or marine boilers. Nevertheless, in this last 
connection, the prevalent idea that because these auto- 
mobile steam generators are safer they are " fool-proof," 
and in all cases easy to handle with economy and good 
results, cannot be too resolutely combated. Indeed, it 
is not too much to say that in scarcely a single case are 
they " fool-proof," and in the majority of instances they 
are anything but easy to handle for good results without 
months of experience. At all events, we find that most 
of the above essentials are only to be found in certain 
fire-tube boilers, water-tube boilers, and in the so-called 
"flash" boilers, or instantaneous steam generators. In 
reality, the majority of the last class, namely, those 
which generate steam instantaneously at highly heated 
points in a series of tube elements, to which the water 
is supplied, by pump-stroke, as the steam is required, 
are not flash boilers at all, but rather true salamandrines. 
The latter term ia, however, inconvenient, as the well- 
known Ofeldt water-tube boiler, which is equally of the 
true water-tube typ^ la known as the Salamandrine. 

Fire-tube boilers, which are mostly used on heavy 
commercial steam vehicles, have their fire-tubes or flues 
cither horizontal or vertical. Here we have a choice of 
advantages offset by equal disadvantages. The former 
" MUM it passes 

more slowly, but th^^^^mH^^H too much^ 

; and i 
L heat- * 
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vertical fire-tubes, though not open to these objections, 
part with their heat more rapidly, do not heat so evenly 
as a rule, and if lengthened make the boiler rather top- 
heavy. Both classes, however, consist (l) of a shell, i>. 
a cylindrical body closed at each end by plates, gener- 
ally flanged and riveted to the cylinder walls, but in one 
or two instances made in one piece with the latter ; and 
(3) a series of drawn steel or copper tubes — the flues — 
varying in number from two hundred to five hundred, 
which are expanded at their ends into each plate. The 
water, of course, circulates in the spaces between the 
tubes. Generally, especially in fire-tube boilers for heavy 
commercial vehicles, the outer shell of the boiler extends 
downwards to form the furnace, and the lower plate 
likewise extends downwards inside to form an inner 
shell, thus making an annular water-heating jacket 
around the furnace. Sometimes thicker tubes are used, 
here and there among the rest, to form stays between 
plate and plate. Again, the situation of the fire-door, 
through which the fuel is fed to the furnace, varies ; being 
replaced in one instance — the Coulthard — by a large 
central tube passing downwards from the top of the 
boiler, through the water-space, to the furnace. It is 
said that this construction gives more equal expansion 
and contraction, better heating, and prevents the tubes 
leaking. In boilers using liquid fuel, the burner, which 
is almost always some variation of the Bunsen type, is 
placed in a pan in the furnace or fire-space, and in light 
vehicles close beneath the boiler. 

Water-tube boilers — first invented by Pierre Ravel — 
are of many kinds. In all, however, the tubes contain 
the water, while the fire and heated gases circulate in 
the spaces around them. The tubes are arranged in a 
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great variety of ways. In the Scotte boiler they are 
large vertical tubes of the Field type (not unlike a nest 
of test-tubes) suspended from the upper plate of a 
water-jacketed inner shell, the flue passing through the 
centre of the steam-space above ; or, as in the De Dion- 
Bouton, arranged in coils to an outer water-jacket, con- 
nected with a central double-shell by some scores of 
short diagonal tubes, the flue being central as before. 
Or, again, they may be a series of diagonal tubes ex- 
tending across the boiler from one side of the inner 
water-surrounded shell to the other (Wiedknecht). In 
the Savage boiler four series of tubes — nearly a 
hundred — extend from the top plate of a closed trough 
at one side of the square furnace, diagonally upwards 
to the other side, then backwards and upwards again to 
a solid-drawn steam drum situated above the trough, 
and connected with it by a single row of large " down- 
comer" tubes. Then, in the Thornycroft and some 
others, we have a circular arrangement of tubes more 
or less curved to allow for expansion and contraction, 
and diagonally inclined towards the centre, around the 
fire-space, expanded into an annular trough-like drum 
below, and into a smaller one above, the brake (or 
unevaporated) water being led down from the latter to 
the former by " down-comer " tubes. Again, we have 
boilers of the Yarrow type, the section of which is 
triangular, the fire-grate forming the base, two trough- 
like drums the lower angles, into which the sides — three 
or four curving layers of water-tubes to the number of 
several score — are expanded, their upper ends being 
expanded likewise into the apex, a cylindrical steam 
drum, from which down-comers again lead into the 
water-drums below. 
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Of this last there is one type, which has been 
patented by J. S, Sargeant, of Chiswick, that has latterly 
gained a deservedly high reputation, not only for rapid 
and economical evaporation, but for remarkably rapid 
circulation — the point in which the majority of water- 
tube boilers are liable to fail in unskilled hands, despite 
all claims to the contrary. On this account, particularly 
as it is now being applied to steam wagons, for whidi 
work its small bulk and light weight render it especially 
suitable, it deserves special description. It is true that 
the differences in construction between a Sai^eant 
boiler and an ordinary Yarrow are but slight, but their 
effect is so great as to place the former almost in a 
class by itself. In the ^rst place, the outer layer of 
tubes is rather more curved at the top, and all the layers 
enter the steam-drum on each side somewhat higher, 
but just below a flange or deflector which extends 
lengthwise on each side from end to end of the steam- 
drum. These deflectors separate the dry steam from 
the " brake-water," the former being slightly superheated, 
while the latter is turned downwards into a trougih 
which is of narrower diameter than the drum. From 
this trough, through the ends of the drum, the down- 
comers lead the brake-water back into the troughs 
beneath. Now, as the trough is less exposed to the 
heat of the furnace than the drum, it serves to cool the 
brake-water slightly; and as the rapid steam separatloi 
by the deflectors has given it an earlier head of t 
than if no such separation had occurred, thes 
ditiuns create a powerful downward 
troughs, which again forces the water up, 
tubes with such rapidity that the 1 
tunity to overhead 
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ated, the life of the tubes indefinitely lengthened, and 
rapid circulation and steam generation secured at all 
times. The shell of the Sargeant boiler consists of 
light plating, with sheet asbestos layers between the 
outer and inner plates. Paraffin, from the Sargeant 
patent burner, is the usual fuel. 

All the above boilers, which are mostly used for the 
heaviest waggons, are fitted with safety-valves, steam 
gauges, and, in some cases, superheaters, blowers, and 
various appurtenances common to stationary boilers. 
" Flash " boilers, on the other hand, which either only 
contain a small quantity of pump-delivered water — in 
doses, so to speak — or, at least, are so supplied with 
water that they cannot generate more than a limited 
amount of steam at a time, and then no more until that 
has been used, naturally do not need any of these 
appliances. Before discussing these, however, we may 
note, in the Toledo boiler, a steam generator which 
forms a kind of link between the two systems, since, 
although it has an outer and inner shell comprising an 
annular water-space, with a steam-space above, it also 
has an inner tube-coil with certain of the " flash "-boiler 
characteristics. This consists of a series of spirally 
coiled tubes, each wound beehive fashion, not inter- 
connected, but connected with the water-space at the 
bottom and the steam-space above. Some of the outer 
spirals are more diagonal — probably to increase the 
rapidity of the circulation — than the majority, which are 
mostly horizontal. The water is thus partially warmed 
in the shell-space, rapidly circulated and evaporated in 
the coils (steam also being drawn from the steam-space 
above into the coils), finally superheated in the inner 
windings, and delivered to the motor by a central pipe 
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passing through the top of both shells. This is 
generally regarded as a " safety " boiler, and is used on 
the well-known Toledo steam cars. 

Now the conditions governing all " flash " or " serai- 
flash " steam generators are, firstly, that a flame merely 
capable of heating the tube-coils — at the steam-genera- 
tion points — to a dull red is quite sufficient, not only to 
generate, but absolutely superheat the steam. Hence 
the fuel-supply must be regulated so that a certain 
degree of heat is not exceeded, otherwise the tube will 
not only be damaged, but its inner surface will refuse 
to be wetted, and no steam will pass. Secondly, the 
water must flow to these points in such regular 
quantities (Rxed in ratio with the fuel-feed) that the 
tube will be maintained at the proper temperature, 
or else the same troubles will arise, even though the fuel- 
supply does not exceed the normal. Similarly these 
quantities must not be exceeded unless the fuel-feed is 
increased correspondingly, or the tube heat will fall 
below working temperature ; such steam as is generated 
will be wet, or actually pass as brake water and flood 
the engine. Thus, whether the amount of steam gene- 
rated be more or less, the ratios of fuel-feed and water- 
delivery must be constant, and correspond during all 
speed variations, although their amounts naturally vary 
according to the amount of steam required at any given 
time ; these increasing or lessening according to the 
speed, or ceasing altogether (except for a pilot light to 
the burner) when the engine is stopped ; but being in 
all cases balanced. 

But as there is so little — almost none — of steam or 
water-space in reserve in all cases but one, two con- 
clusions follow. First, that whatever variations occur 
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in the water-delivery are immediately repeated in the 
steam generator-^-even with normal fuel-delivery and 
heating — and thence again in the engine. And if fuel- 
feed and heat be either excessive or too slight, troubles 
arise, as has been shown. Secondly, that this balancing 
of operations is extremely delicate, and can only be 
done by linking the water and fuel - feed in mutual 
control inlerdependetttly, or by introducing a common 
controlling medium, which governs both equally, but 
independently of each other. Consequently, these con- 
trols, whether mechanically or physically effected, or 
by a combination of both, must be automatic ; and 
therefore introduce appliances and systems which, 
although essential, are more or less complicated in 
mechanical arrangement or detail, if not in their work- 
ing. Of course, the simpler they are, the better, so long 
as efficiency is not lessened. 

These methods of control, then, are : (a) by actual 
mechanical linking of the respective feed mechanisms ; 
{b) by thermostats — devices so constituted that, by the 
action of the temperature of the superheated steam, 
they regulate the fuel-feed, lessening or increasing it 
automatically as the temperature rises or falls respec- 
tively above or below a ratio corresponding with the 
ratio of the water-feed ; and (c) by valves automatically 
controlled in present practice by (l) water - pressure 
actuated by air-pressure, automatically created in a 
pressure tank by the force of the main water-feed with 
which the tank is interconnected, this opening a by- 
pass to a return pipe ; (2) by the surplus pressure — if 
any — of the steam, which thus escapes back to the 
water -tank, drawing the surplus water (through an 
auxiliary connection) along with it ; or (3) by the 
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Htcam-pressure, opening a by-pass which returns the 
water to the tank side of the pump before it can reach 
the generator. Most of these systems are arranged 
with separate hand or foot control at the points in- 
dicated, as well as at others ; and in some, safety-valves 
lire introduced, but more in a supernumerary capacity 
than as the chief protective or regulating device, as in 
lltr Ixiik-rs previously discussed. 

Coming at length to the construction of the three 
Itcsl-known instantaneous steam generators — namely, 
the (iiirdncr-Serpollct, Chaboche, and White-^we find 
tliiil the first named consists of a square asbestos-lined 
Nhrll, i-ontainini; a number — thirty-two in one size — of 
lliirir.ont:il layers of drawn-steel tubing. Of this number, 
thr upper twenty-four are wound gridiron fashion, the 
nm iif line liiyer licing at right angles to the run of the 
onr next it, atx)ve and below. The remaining layers 
lur Iar(;cr and thicker, and arranged in a continuous 
iii|niirr ciitl lit the iHtttom of the shell round the burners. 
All tile cridimt) layers are interconnected at their ends 
iint-iido the shell by U-shaped bends, and are thus 
rrin<>vnhle, these bends being also covered in. The 
water is driven in at the top from a pump, the mechanism 
nf which is linked with that of the fuel-pump ; that is, 
acliiiilrd by the same rocking lever. It is then slightly 
heated in the lop layer, then driven right down to the 
sipiare coil — the fctxl-water heater — the burner heat 
now assisting the circulation. Next, it is sent upwards 
through the lower gridiron layers — the steam generators 
— and thence outside and straight up to the sea 
liiycr, and finally downwards through the middle { 
iron layers — the superheaters — passing out t 
central one as superheated steam into t 
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and throttle to the engine. Thus its circulation is partly 
forced by the pump, partly led by gravity, and partly 
hastened by the heat of the burners. It will be noticed, 
too, that there is no point throughout where it can 
pocket to form a reserve. The effect of this will 
become clearer later on. On its way to the throttle 
the steam passes a branch pipe, through which its 
pressure,'if in excess, relieves the water-supply through 
a relief valve, in the manner described in c (2) of the 
foregoing paragraph. The balance of fuel- and water- 
feed ratios is thus . interdependently maintained, 
mechanically and physically, so long as the mechanism 
of supply does not fail, as this control system apparently 
only corrects excesses, but not deficiencies, whether caused 
by wear or accident to the supply mechanism of either 
water or fuel. Yet, obviously, any deficiencies would 
equally upset the balance of ratios. Both feeds are 
started by hand through separate connections, but there 
is also a semi-automatic air-pressure water-tank, which 
serves to start the water-feed after a halt. 

In the Chaboche generator the tubes are wound 
helically in five separate layers, each wound in five 
rows, gridiron fashion, these rows being alternately 
spiral and convoluted-— the latter like a continuous 
figure 8, so to speak. The run of each grid crosses 
that of the one beneath at right angles as before, an 
arrangement facilitated by the above method of coiling 
the tubti^. The water is driven by pump-stroke, past 
an automatic regulator valve — which is actuated as 
explained in c (i) — on through a storage coil to the 
lowest grid — the feed-water heater ; thence to the top 
id, which generates the steam, and downwards through 
: remaining three superheating girds, finally passing 
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out as superheated steam. It then passes through a 
thermostatic portion of the supply-pipe, which, by ex- 
pansion and contraction, controls the fuel-feed (this 
portion of course being fortified by a surrounding pipe) 
onwards to the safety-valve, through which it passes 
to the engine ; from that to the condenser, and lastly, 
back to the storage tank. The storage coil above 
mentioned is, however, merely for heat storage, in case 
the steam-pressure be in excess and temporarily force 
the water back through it and the automatic valve into 
the by-pass ; but is in no sense a feed-water reserve, as 
it forms part of the direct channel of the water-feed to 
the generator. Neither is the pressure tank, previously 
mentioned in r (i); as the water only leaves it when the 
pressure of the main water-feed is in excess, and then 
only to open the by-pass, returning the latter to the 
tank. Here, again, we see that the balance of ratios 
is interdependently controlled, but almost entirely 
physically, and with much greater complication in 
detail. Any deficiency in fuel-feed arising from failure 
of the supply mechanism is apparently not provided 
for. 

In the White generator, however, we have an entirely 
different, practically unique system — in construction, 
steam generation, and control ; one, moreover, if I may 
be allowed the remark, which represents control in its 
simplest and most efficient expression. It consists of 
a cylindrical, asbestos-lined iron shell, in which twelve 
horizontal, helically coiled tube layers are superimposed 
one above the other, and held in place by the arms of 
U-shaped distance-pieces. All these are interconnected 
each with the next above and below it ; but the manner 
in which this is done constitutes at once the chief 
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feature of the construction and the secret of its remark- 
able efficiency. Each connection turns upwards to the 
level of the top of the coil before turning downwards 
to connect with the coil layer next beneath it. Thus 
the water, driven by the pump-stroke, enters the inmost 
winding of the top coil layer, and circulates outward to 
the outmost winding ; then rises upwards and across 
the coil to the centre again, and downwards into the 
inside winding of the second coil. Circulating outwards 
as before, it rises again with the outside winding to the 
top of the first coil, across it to the centre again, and 
down into the third layer, and continues in the same 
manner. This perpetual rising to the top from the 
outside, and crossing it before entering the coil beneath, 
continues right to the lowest layer, the outmost wind- 
ing of which is led upwards half-way before bending 
downwards, syphon fashion, into the bronze casting en- 
closing the thermostat, from which a straight piece of 
piping runs up the side of the generator, and outwards 
again in a large elbow-joint to the engine connection. 
The crossover connection between each element and 
the next is made throughout by short lengths of tubing, 
screwed right and left into elbow-joints on the upturned 
ends of the elements. 

Thus it is obvious that each coil layer can only be 
filled from the overflow from the one above it. The 
water, therefore, being led in at the top, cannot pass 
downwards by gravity, as in other generators, but is 
entirely dependent on the action of the pump. And 
even the latter cannot throw it into the first coil, if the 
steam - pressure exceed the normal, as a diaphragm 
valve in connection with the steam-supply pipe cuts 
out the water-feed into a by-pass, as in <' (3). Thus 
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driven in a constant ratio by the pump— or by the 
starting hand-pump which enters on the further side 
of the above diaphragm — the water enters the top coil 
and flows through the next two or three — the feed- 
water heaters, in the manner above described : is turned 
into steam in the four middle layers, at some point 
depending on the amount of steam being used, and 
superheated in the lower-most layers, passing through 
the thermostat casting — its temperature as steam regula- 
ting the fuel-feed, as in the method described on page 
117 {b) — and finally passes upwards through a throttle 
to the engine and thence to the condenser. 

The balance of ratios is thus controlled independently 
by the steam — by temperature in one case and pressure 
in the other ; and in both cases by physical means 
with no mechanical complication whatever. Again, 
it will be seen that, owing to the special method of 
interconnection of the coil layers, there is always a 
reserve of water in the upper coils — equal to about a 
third of the entire capacity of the generator — to enable 
steam to be raised on restarting, as soon as the burner 
is turned on. In fact, this reserve constitutes one of 
the only self-induced automatic self-starters in existence, 
owing, in my opinion, to a point which seems to have 
been neglected in most descriptions of the White 
generator. This is, that the upturning of each coil-end 
with its cross-connection and downward lead into the 
coil-layer beneath appears to act as a syphon to draw 
the water into the latter as soon as circulation has been 
induced by heat from below. This action upon the 
water reserve in the upper coils would seem to start 
from the lowest coil-layer, thus generating sufficient 
steam to start the engine, and with it the puQIl^ 
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Apparently it is owing to this physical peculiarity that 
we derive the fact that the steam can be generated 
and the car run until the last drop of water in the coils 
has been evaporated — as the makers claim — even after 
the pump, having emptied the tank, has ceased to 
throw. And with the heat of the steam thus abnormally 
raised at the last few steam generations, it will be seen 
that the thermostat would act rapidly to reduce the fuel- 
feed, which would finally cease with the last of the 
steam ; as the engine and pump would stop. Thus no 
damage to the tubes, even the lowest layer, could occur, 
as the ratios of fuel- and water-supply would be balanced 
until the last moment, despite the rapid reduction of 
amounts. 

Having discussed the above three types of instan- 
taneous steam generators to illustrate the principles 
of control, we may close the present chapter with a 
brief description of the two principal types of liquid 
fuel burner. These, as has been said, are Bunsen 
burners, differing merely in the methods of inducing, 
vaporising, and r^ulating the fuel, but chiefly in the 
system of induction. They may therefore be divided 
into two classes — air-inductng and steam-inducing 
burners. In the former, which are by far the most 
numerous, the differences lie in the mechanical con- 
struction by which the following results are produced, 
namely: (i) Vaporisation of the liquid fuel supplied 
under pressure in a coil or chamber, which is heated at 
the start by temporary auxiliary means, such as the 
burning of a little spirit In a pan, oU-soaked cotton- 
Waste, a lighted wick, or a blow-lamp ; and (2) the 
f air sufRcient 
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to mechanical means, such as the form of the draught* 
chamber or induction-pipe, a blower-shutter or valve also 
increasing or reducing the draught But this is effected 
for the most part physically, being set up in the first place 
by the pressure at which the vaporised fuel is supplied, 
and secondly, by the rapid combustion of the latter, the 
air-draught and vapour-pressure, so to speak, reacting 
upon one another to increase the size of the flame. 
Mechanical means have therefore to be provided to 
regulate the volume of the fuel-supply in any case, and 
in some instances — such as the Clarkson-Capel, perhaps 
the best-known and most powerful — that of the air 
also, the controlling mechanism being linked up to a 
thermostat or other device for automatic regulation. 

These air-inducing burners may further be subdivided 
into {a) pan or multiple-jet burners, with vaporisation 
from a common chamber; {b) multiple-jet burners to 
which the fuel passes through a vaporising coil ; {c) 
single-jet burners with either chamber or coil vaporisa- 
tion ; and {d) single-jet burners arranged in multiple, 
each with its vaporising coil connected up to a common 
fuel-supply. The first variety typically consists of a 
pan-shaped receptacle, containing either a row of jet- 
pipes — similar to those of a gas stove — or a coil-like 
chamber with jets or saw-cuts, or radiating jet-arms, or 
a chamber-like section of a fire-tube boiler ; all being 
fed from a common vaporising chamber, into which the 
fuel is injected under pressure, and which is maintained 
automatically in a heated condition by the burner flama 
In these the air enters freely through holes between the 
jet-pipes or coil-ridges. The White, Prescott, Toledo, 
Weston, Simpson (33, 10073 ^^^ 16440, 1901), and other 
steam-car burners are of this type. 
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Multiple vaporising'Coil burners, on the other hand, 
consist of single jets arranged as separate burners, 
a series of which are fed from a common vapour 
chamber supplied by a vaporising coil or grid, the con- 
volutions of which wind among the different jets, and 
being held in the flame of each, are kept at the proper 
heat Such is the Gardner-SerpoUet burner, to which 
the air enters through a draught chamber, passing up- 
wards through little chimneys into the vapour chamber. 
Single-Jet burners, again, are fed by a vaporising coil, 
helically and spirally wound inside or outside a bell- 
shaped or coned chamber, the mouth of which serves as 
a deflector for the flame from the jet in the centre, while 
the air and vaporised fuel enter the jet at its base from 
the mixing chamber or the air-induction tube. The jet 
itself may be annular, like the Clarkson-Capel or John- 
ston burner-jet, or have radiating arms (Longuemare), 
or consist of a dome (Blaxton) — these three last being 
freely perforated — or, again, as in the " Lifu," the single- 
nozzle jet may be served by a vaporising chamber in 
which the fuel is driven round a series of corridors or 
baffles. The Chaboche burner is a typical example 
of single jets connected in multiple, each with its own 
coil vaporiser, fed by a common supply-pipe. 

In the other class — steam-inducing burners — we note 
that the fuel is not necessarily supplied under pressure, 
but generally — carburettor fashion — by gravity from a 
float-feed chamber and forced out of the nozzle of a 
single-jet burner by the pressure of a jet of steam. In 
order to start these, very little steam is needed, and this 
is supplied from a small auxiliary boiler through a two- 
way cock, which, as soon as there is a sufficient head 
of dry steam in the working boiler, cuts off the steam- 
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supply from the starter. Most of these, however, are 
troublesome and extravagant in practice, as the fuel is 
driven out by the steam ; and the combustion depending 
solely on a very high and constant degree of steam- 
pressure, the slightest variation in the latter causes 
a break in the fuel-supply, which extir^uishes the 
flame; also the jet is liable to choke. One notable 
exception, hovvev-er, exists in the Hydroleum patent 
burner, in which the steam-jet has the lead, and draws 
the fuel with it through the nozzle. The fuel is then 
enclosed in a jacket of dry steam, and, it is said, serves 
to split the latter into its elements during combustion, 
the oxygen set free assisting the combustion of the fud, 
and the hydrogen increasing it. 

Be this as it may, it is certain that the crudest liquid 
fuels (and oils, such as green gasworks oil, which have 
hitherto been r^arded almost as refuse by-products, to 
be had for the asking) can be burnt with a perfectly 
clean combustion. The use of such oils, nevertheless, 
is out of the question in burners with a driving steam- 
jet. Furthermore, owing to the drawing action of the 
steam-jet of the Hydroleum burner, a great variation 
of steam-pressure is permissible, which enables the 
flame to be reduced or increased throughout an ex- 
tensive range without being extinguished. The above- 
mentioned combination takes place in the open end of a 
rectangular fire-clay and asbestos-lined chamber, into 
which the nozzle projects, the flame being then de- 
flected upwards into the circular fire-box of the same 
material, which constitutes the boiler furnace. 

All steam outfits include a condenser, unless 
exhaust is passed direct into the surrounding air. 
practice is permissible on the lightest cars, i 
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of the small volume of the exhaust, but on lai^er ones 
it is obvious that some such device is necessary; for, as 
its name implies, it cools the exhaust into water, which 
can be used over again. Commonly, a condenser diRers 
but little structurally from the radiator of an internal- 
combustion motor cooling system ; consisting mostly 
of a series of tubes with radiating gills or wire coils. 
These tubes, similarly, are either in one continuous coU 
or are expanded into a tank-frame at their ends. Their 
metal, however, is usually thinner, and of some freely 
conductive kind, such as copper or zinc, so as to hasten 
cooling. It may be thinner, of course, than in the 
radiator first mentioned, because the pressure is much 
slighter than in the latter. - Sometimes the condenser 
is a large tubular casting, or, again, may be a simple 
air-cooled tank. On most steam cars, however, it either 
leads direct into the water-supply tank, or else is 
emptied by pump into the latter ; the water being thus 
used over and over again, except for the small percent- 
age which escapes or is blown off at the safety-valve, 
.A^ain, the water-tank itself may be used to condense 
the exhaust steam. 




CHAPTER VIII 
ELECTRIC MOTORS AND DYNAMOS 

THIRD on the list of motors employed for auto- 
mobiles, by reason of their more restricted sphere 
of usefulness, though their Rnal efficiency, reckoning 
from one end of the power-scale to the other, is about 
the same as that of steam, we must place electric motors. 
Numerous scientists, before and since the time of the 
great Faraday, have been credited with the invention of 
the electric motor, and its converse, the dynamo ; but 
-SO far as can be learnt, the first one was constructed in 
1838 by Ivan Jacobi, a Russian scientist, who employed 
it to propel a small launch on the Neva. His type is, 
however, still more obscure ; but, being merely interest- 
ing historically, need not be discussed here. Modern 
electric motors, as used for the automobile, consist of 
five essential parts, namely, (() one or more field- 
magnets, consisting (a) of field coils; (d) field-winding 
— insulated copper wire, of various degrees of thickness, 
in single or separate windings, or both combined ; 
(c) pole-pieces ; and (</) the yoke. This last is of the 
same metal as the pole-pieces, and generally as the 
cores also, and serves to unite them. In practice, in 
the type of motor most usual on electric vehicles, each 
half of the shell of the motor is cast uniform with one 
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of the pole-pieces, to form half the yoke ; the field-core 
winding, as a separate mass, fitting closely over the 
pole-pieces when both halves of the shell are broi^ht 
tc^ether. The accompanying illustration shows a Lun- 
dell motor, one of the bi-polar type, dismounted. 

The remaining essentials, as will be gathered from 
the illustration, are : (2) an armature on a shaft, mounted 
in suitable bearings, as shown above ; upon which latter 
is also (3) the commutator — different in construction, 
but similar in function, to the one already discussed ; 

(4) one, and in some cases two, sets of secondary cells, 
arranged in four groups for convenience in effecting 
speed-changes, to give out the current ; and, lastly, 

(5) a set of thicker insulated current wires — connected 
with the battery of cells on the one hand, and with the 
field-magnets and the armature on the other — through 
suitably mounted rods of carbon or pieces of strip 
copper, the brushes. These last will be seen at M, in 
the assembled motor in Fig, 1 4, part of the casing having 
been drawn aside ; and singly, as well as the field-coil, 
below (Fig. 15); as well as Z i, 2, 3, the connecting 
cables. These cables or current wires and their brushes 
conduct the current from the accumulators to the field- 
coil or- magnets, and, through the commutator, to and 
from the annature and back, through the controller, to 
the accumulators to complete the circuit ; or in another 
arrai^ement, to both at once through the brushes on 
the commutator. Strictly speaking, there are four types 
of electric motors : separately excited, shunt-wound, 
series-wound, and compound ; the last being practically 
a combination of the second and third types. 

But before describJMillt^ manner in which all these 
fU'e combinedi I 
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examine the constrttctum as well as the coastitution of 
each part, in order to understand its relation widi llie 
others, because the action of an dectric motor is so 
much more physical than that of an intemal-com- 
bustion or steam motor, in both of which the mechani- 
cal element is the more obvious. It must first be 
premised, in regard to the field-magrnet or coil, that if 
an insulated wire be wound round the arms of a D or 
horseshoe-shaped casting of soft iron or mOd sted — • 
the core — so that the windings b^n at the end of one 
arm and work upwards, leaving that arm at the top and 
crossing over to the other, then beginning at the under- 
side of the latter and continuing downwards to its 
other end, the mass of perhaps the simplest fiHin of 
bi-polar field-magnet will be made. Stmllaiiy a ring 
of soft iron or steel may be continuously wound — as 
in the type of field-coil previously illustrated — ^to con- 
stitute such a mass, the pole-pieces, in one, two, or 
more pairs being formed as part of the yoke-casting. 
Again, one or more pairs of castings— of suitable ebape 
to take windings — may be arranged around a circular 
yoke, with their free ends or faces opposite each other 
diametrically to form opposite pole-pieces, and, when 
wound continuously, will also make up the mass of a 
field-magnet But any such a mass will not actually 
become a field-magnet until — and only for so long as 
— an electric current is passed through its windings. 
This being done, the free metallic faces of the pole- 
pieces, oppositely exposed to each other, will form 
strong magnetic positive and negative (N. and S.) poles^ 
the space between them constituting the magnetic GekL 
Turning next to the construction of an armature o" 
the drum type — which in one or otlifr uf it* makeR^ 
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varying cluefly in the method of winding, is almost 
universally employed in electric motors for vehicles — 
we note that it also consists of two main elements, 
the core and the winding ; to which may be added the 
commutator, with which the armature is integrally con- 
nected. The core, then, is made up of a number of flat 

' annular discs, which must be made of the softest iron 
in order to give the armature the greatest power of 
absorbing' magnetism. They must also be insulated 
lightly from one another, so as to resist the formation 
of what are known as eddy currents. After having deep 
grooves or slots cut in their outer edges (forming teeUi 

. and spaces) they are assembled and clamped t(^ether 
by bolts so as to form a cylindrical mass, the teeth and 
spaces of which correspond throughout its length to 
form continuous alternate grooves and ridges, running 
lengthwise from end to end of the mass. The core is 
next keyed on a shaft mounted in bearings (or in some 
cases held at each end by a dished wheel-like body 
called a spider, duly mounted on a shaft) so that the 
core-mass may be freely rotated. 

In the above-mentioned grooves a continuous length 
of insulated wire is wound lengthwise over the surface 
of the core, each series of windings being intercon- 
nected to those on either side of it by attachment to 

the vertical arm of one of an equal number of | 

shaped copper, gunmetal, or phosphor-bronze segments. 
These metals are chosen because of their high con- 
ductivity, or low resistance to the passage of an elec- 
tric current The horizontal arms of these segments 
are embedded side t^ side in a drum or cylinder of 
vulcanite, mica, or similar non-conducting material also 
keyed to the core-shaft; each segment being thus 
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separated from the next one by a ridge of insulating 
material. The whole thus forms a drum of flat metal 
plates (the other arms of which are connected solidly 
with their respective pairs of armature windings) and 
presents a free surface for the brushes previously men- 
tioned, which convey the current to the armature. 
Such, then, is the commutator, the function of which will 
become apparent in the following paragraphs. 

To this, then, the current wires /r(7w the accumulators 
and to the field-magnets are connected by the slipping 
or face-contact of the brushes, which are supported by 
special holders in such a way that their ends shall 
make as large a contact as possible with the plates 
of the commutator, namely, at an angle of some 45* 
from the vertical. They are also held above and below 
the commutator parallel to each other, but with their 
contact-faces also out of the vertical. Being thus in 
perpetual slipping contact with the commutator, they 
serve to feed the current into the latter, thence into the 
armature, out of that again, and back into the circuit. 
Now when the armature, with its commutator and 
shaft, is mounted at right angles to the poles of the 
field-magnet lengthwise — that is to say, with its sides 
lying between the faces of the pole-pieces — so that it 
is left just free to rotate, both these parts being main- 
tained in permanent relation to each other, the whole 
combination is ready to become a motor. 

Then, if the current be thus conducted from the 
accumulators into the armature at the same time that 
it is turning the field-core and winding into a field* 
magnet, two double poles, N. and S., will be created in 
the former at right angles to the lines of magnetic 
attraction between the poles of the latter. Actually 
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this occurs in line with those stationary points at which 
the current enters and leaves, t.e. at the brushes. The 
result, at any rate, is that strong attraction is set up 
between opposite poles of both armature and field- 
magnet. This is the magnetic drag, the further con- 
sequence of which is that rotary motion is at once 
imparted to the armature. But, obviously, the nearer 
these opposite poles approach one another, the easier 
it will be found for the current to pass, and the nearer 
the armature poles are to the vertical, the more difficult. 

Consequently it follows that the strength and direction 
of the current will constantly vary, first in one direction 
and then in the opposite one, in alternating currents. 
Here, however, is where the function of the commutator 
comes in ; for, the brushes being fixed at the neutral 
points {i.e. those points in the armature cycle at which 
the currents move in one direction), each segment of 
the commutator as it revolves beneath the brush gives 
up its current in one direction also. And the induced 
current being thus perpetually compelled to flow in 
that direction, while the same attraction is continuously 
set up between the opposite poles of field-magnet and 
armature, a continuous rotary motion is maintained by 
(and for) the latter, and consequently for its com- 
mutator and the shafl upon which both are mounted. 
This shaft, of course, also has a sprocket, pulley, pinioi 
■ — or any suitable means of transmitting the mechanicu 
power thus obtained — keyed upon it. 

It is, then, this perpetual rotary effort, called torj 
upon which all electric motors depend for their met 
cal power. Yet it will be clear from the for 
paragraphs that it would have been almost k 
for the reader to arrive at this conclusioi 
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fashion, without detailed explanation of the constitution 
of these motors at greater length than has been necessary 
in the case of those previously mentioned. We have 
still, nevertheless, to discuss the nature of the accumu- 
lator cells already mentioned. These are secondary 
batteries of much the same generic type as those used 
for current storage in electric lighting, but have been so 
far modified as to give them an output capacity three 
or four times greater for their weight, and to enable 
them to stand over-discharge and rough travel. These 
modifications will be better understood in subsequent 
paragraphs. Suffice it for the moment to say that an 
accumulator consists of a set of cell-elements, varying 
in number (according to the maker) from forty to forty- 
four. This number not only enables them to be charged 
from the ordinary supply-stations, but also, by dividing 
the accumulator into four batteries of equal strength, 
to make contact for the various speed-changes. Each 
cell-element, again, contains a number — which varies 
much more widely — of positive and negative plates. 
This last, it might be thought, would be an even 
number, but in practice there is generally an extra 
negative plate. The reason for this is twofold. In the 
first place, the current is given off by the energy de- 
veloped by the chemical reaction of the electrolyte — 
the liquid reagent in the cell — upon the plates ; and 
secondly, because the positive plate contains the sub- 
stance acted upon, the attack of the electrolyte upon it 
is greater, and would warp or " buckle " it, unless pro- 
tected by the extra negative plate. 

As to the plates or electrodes themselves, in theory 
any combination of two different metals of sufficient 
conductivity or low resistance, so long as it gives out * 
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an inappreciable amount of volatile products during 
charge or dischai|[e, may form an element in an 
accumulator, together with a suitable electrolyte. 
Hence the investigation on the part of scientists in 
order to produce one that, while giving an equal or 
greater voltage, shall be lighter than any of the three 
combinations — lead-and-lead, lead-and-zjnc, or zinc- 
and -cop per— which alone have given satisfactory results 
hitherto. Now the second of these is lighter of course 
than the first, and gives as much as 2*4 volts, but is so 
difficult to charge as to be out of the question for trac- 
tion purposes. On the other hand, the zinc-and -copper 
one — in which caustic potash, 20 % solution, is the 
electrolyte — though obviously lightest of all per pair of 
plates — and not difficult to charge, only gives '8 volt 
current We have thus had to depend upon the lead- 
and-lead combination, all elements of the kind being of 
the type devised by Plants in 1873, or of that intro- 
duced eight years later by Faure. The former are now 
practically discarded — though some authorities consider 
that better results are obtained with a Plants positive 
and Faure negative — and the latter have been reduced 
in weight and generally improved out of all knowledge. 
Nowadays, however, all plates of the Faure type con- 
sist of grids — not unlike a honeycomb— each frame-like 
cellule acting as a pocket into which is pressed a paste 
formed of lead oxide and some substance that increases 
the porosity and coheslveness of the paste. It is at this 
point that mention may be made of the manner in 
which improvement has been achieved. In the first 
place, the shape of the pockets has improved, and their 
size, together with the thickness of the plates, has been 
considerably reduced, so as to reduce weight and allow 
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the paste a greater degree of uniform expansion with 
less risk of the pellets dropping out during discharge. 
Then the electrolyte — a solution of sulphuric acid in 
this case — has been increased in density, and therefore 
strength, and the composition of the paste itself materi- 
ally improved. The result of all this is that the volume 
and weight of the whole element have been decreased 
and its output increased. 

Practically, all elements of the Faure lead-and-lead 
type consist of a positive plate of antimony-lead and a 
soft-lead negative plate, connection between them being 
made by cross-pieces of lead or an alloy. They are, 
however, separated as a rule by thin sheets of vulcanite, 
freely perforated to oppose the minimum of resistance 
to the passage of the current between plate and plate. 
Each plate, as a rule, has a neck formed at one end of 
its upper edge for connecting with the next one, the 
other plate of each pair having a similar neck on the 
opposite end. Connection is thus made in parallel — all 
the N. and all the S. poles — by a bridge of metal at 
either side of the element. Short circuit — ue. failure of 
current passage through actual contact of the masses 
acted upon — is avoided by placing indiarubber rings, 
or a freely perforated ebonite plate, between each posi- 
tive and its negative, the perforations offering no resist- 
ance, of course, to the current passage. The mass of 
the plates is also held together by rubber bands and 
supported on rests or forks at the bottom of the sealed 
vulcanite tank which contains it, as well as the electro- 
lyte. The whole thus forms a cell, which is connected- 
through its contacts at opposite ends of each bridge — to 
the next, in series (N. and S. to S. and N. respectively^ 
Now the effect of charging being to form peroxide of 
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lead on the positive and pure lead on tiie negative, it 
follows that lead sulphate — the original composition 
prior to charging — will again be formed as the cell is 
gradually discharged under the action of the electrolyte, 
the energy stored during charging being given ofT as 
current. Recharging restores the status quo ante. 

For some considerable time until its recent appear- 
ance premature reports were circulated concerning the 
new Edison accumulator. However, its merits com- 
pared with others need not at present be discussed, 
although it is improbable that so far as lightness is con- 
cerned per current output, any advance has been made. 
It has, however, been favourably tested in this country, 
and as a departure is at least worthy of a brief descrip- 
tion. It consists of fourteen positive and the same 
number of negative plates of nickel-steel, yfj in, thick, 
each forming a grid with twenty-four pockets, the 
frames of which are pierced with fine holes to allow of 
the free passage of the electrolyte — 20 % caustic potash 
— to the active material. These pockets contain 
briquettes (forced in under pressure) of finely divided 
iron and graphite in the positive plate, nickel peroxide 
and graphite in the n^ative, the whole being contained 
in a nickel-steel box with a soldered cover. It is said 
that this new accumulator is not injured hy overcharg- 
ing, the roughest usage or travel, g 
charge, and that it has given 
ordinary working. Its ele 
ss, would euRer 1 




138 THE AUTOMOBILE INDUSTRY 

four varieties — i.e. separately excited, series-wound, 
shunt- wound, and compound — and to consider the 
apparatus employed for their control as briefly as may 
be. The first variety, as may be gathered from the 
name, are those in which the field-magnet and arma- 
ture are supplied with current from separate sources. 
These are not, however, much used for automobile 
work. Series-wound motors are those in which the 
two poles of the magnet are wound with a heavy, 
low-resistance wire, one terminal, the S. pole, of which 
is connected to one of the brushes, while the other, 
N., is connected to the outside circuit, at the S. pole 
of the accumulator, the current passing from the N. 
pole of the latter to the armature through the other 
brush. It thus goes through the field-winding before 
or after passing through the armature, in series. In 
shunt-wound motors, on the other hand, the winding 
of the field-cores consists of a much greater number 
of turns of thinner wire (weighing, of course, the same 
as the series -winding), but of greater resistance on 
account of its length and thinness. The terminals of 
this high -resistance winding are connected with the 
brushes which supply the armature with current from 
the outside circuit, in parallel with the latter. 

It will be seen that in this way the current is shunted 
into the armature windings — in which the resistance 
is less than in the high-tension field-windings — in a 
greater amount than can get through the latter owing 
to its higher resistance. Thus the field excited is 
weaker, and the armature cannot pick up its torque 
so rapidly. But when once it has done so, it tends 
to rotate at a constant speed so long as the current- 
pressure remains constant, whether the load-resistance 
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be increased or not Consequently, should such an 
increase occur, as at starting, or during an ascent, it 
overheats, and unless relieved by the reduction of the 
overload, or by grouping the batteries in parallel to 
reduce the current-pressure, will speedily deteriorate. 
The series-wound motor, on the other hand, as we have 
seen, has its field excited first ; which is therefore 
stronger and enables the armature to pick up its torque 
quicker. But because the latter is the subordinate, so 
to spealc, in this system, its torque naturally decreases 
or increases with the load-resistance ; although capable 
of a better effort at the start than the shunt-wound 
arrangement. Thus we see that, except upon level 
roads, both have their disadvantages, which are not 
altc^ether overcome — except by sacrificing flexibility — 
by the different controller groupings. 

But in the compound-wound motor, on the other 
hand, we find the characteristic advantages of both com- 
bined ; for the field-magnets are double-wound, first 
with a thicker series-winding, and then with a thinner 
shunt one. Or in multipolar motors, the same result 
is achieved by winding the cores alternately series and 
shunt fashion. The connections to the brushes and the 
outside circuit are made in series to the thicker series- 
winding and in parallel — thus avoiding the use of a 
double set of brushes — to the shunt-winding. Conse- 
quently, by coupling these windings at the start — 
through the controller — in series, we enable the armature 
to pick up its torque quicker, because of the stronger 
field created ; and by afterwards coupling them in 
parallel to maintain it or increase it : that is, with the 
N. and S. terminals of both making the same contact on 
the controller, the function and construction of which 
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will be explained presently. As has been said, in some 
multipolar motors the windings in each pair are diflfer- 
ent ; that is, with a series-winding opposite a shunt one, 
as in the Krieger motor. But we shall also note that 
in the eight-pole motor (Mild^) the windings are placed 
four on either side of a central plummer-block ; so that 
each series- winding is next a shunt- wound one, pairs 
with a shunt-winding opposite, and has another on each 
side ; and vice versd. 

One four-pole motor which is worthy of particular 
mention, not only on account of the uncommonly 
light weight claimed for it — 3 if lbs. per b.h.p. only, 
as against an average in others of about 100 lbs. or 
more — but also on account of its peculiar construction, 
is the Joel " Sine " motor. In this a single sinuous- 
shaped — whence the name — double-wound coil — origin- 
ally wound as a ring, and then pressed so that it forms 
an oval on one side crossing a similar oval on the 
other — magnetises four interspaced poles. These poles 
are formed, each pair as part of one half of the motor- 
shell, and project into the other half between the sides 
of the poles formed in the latter. The efficiency of 
this motor is said to be as high as 87*5 %, so the accu- 
mulator weight is not likely to be disproportionate. 
Nevertheless, a motor, light for its electrical horse-power 
hour in itself, may require such compensation, since the 
only way to make a light motor powerful is to rotate 
its armature windings at a high speed. This means 
extra current expenditure, other things being equal, 
and reducing gear which loses much of the power that 
has been gained. Therefore slow angular speed is 
desirable, made up for by higher tangential speed in 
the armature, derived from an increase in its diameter. 
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which again increases weight This may explain the 
reason why, in some motors, the armature takes the 
form of a ring, rotating outside the field-poles. It is, 
however, difficult to strike the threefold balance of light 
construction, and power, with current economy, or to 
get the two latter and yet materially reduce weight. 

The controller above-mentioned is a device which 
has three familiar and functionally appropriate ana- 
logies, despite its dissimilarity in form. They are : 
first, to the change-speed gearing of an internal-com- 
bustion motor; secondly, to the throttle or the link- 
motion of a steam engine ; and thirdly, to the barrel 
of a musical-box or street-oi^an. It consists, element- 
arily, of a cylinder made of some non-conducting 
material, mounted lengthwise on a lever-controlled 
shaft above a board on which a set of stationary 
springs — the contacts — is mounted. Along this cylinder 
plates of metal — a series of blades in some cases-^are 
arranged in different lengths, or groups, so as to give 
a wide range of connections with the contacts, some 
of which are connected with the terminals of the four 
cell-groups in the accumulator, while the others are 
connected, as we have seen, with the windings of the 
iield> magnets; in all cases by conducting cables. Where 
two motors are used there are a double set of contacts 
and plate- or blade-groups, so that the motors may be 
connected in series or parallel, or the four cell-groups ; 
or the one in series and the other in parallel, or vice 
versd. These contacts in all cases thus complete 1 
circuit, as they are made in various groupings — much 
as the key-levers of a barrel-organ make contac^ 
the spines of the barrel to vary the noise- 
course, that the former are stationary for the tiia 



142 THE AUTOMOBILE INDUSTRY 

the latter merely momentarj'. Obviously, therefore, 
every shift of the controller engages a. new plate, or 
set of plates or blades, with a different set of contacts^ 
thus making a fresh combination of the batteries and 
motors, either for starting and going ahead, or giving 
any one of three or four speeds — or further variation of 
these — or for reversing. 

" But," I hear my wearied reader exclaim, " there 
appears to be only a certain amount of current avail- 
able from the accumulators, which is supposed to be 
leaving them at a constant rate. How, then, can all 
these variations be effected by the controller to make 
its change- speed -gear analogy apparent?" This may 
be answered by stating that the speed is reduced or 
increased by taking the maximum effective flow of current 
as giving the maximum speed, and by introducing^ through 
the action of the controller, various degrees of resistoHce 
in the ciraiit. This will become clearer when certain 
further facts have been grasped. 

(i) When an armature revolves, because its windings 
cut through the magnetic lines of force, produced 
between the field-poles when a field is created, an 
element comes into play called counter-eiectro-motivg- 
force (C.E.M.F). Why? Because the more rapid the 
flow, the more rapidly the armature revolves ; silso the 
stronger is the field created, otherwise, as we know, this 
increase of armature speed could not occur. But die 
stronger the field, the gre,iU-r the number of lines \ 
magnetic force produced. Consequently it t 
much the more difficult for the armature \ 
cut through them. This increase of difl 
the C.KM.F. which thus renders i 
non-effective, consequently reducing t 
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(2) Now, if we connect a number of cells, or batteries, 
in series, that is to say, the N. and S. poles of the one 
to the S. and N. poles of the other, leaving a free positive 
pole at one end, and similarly a free negative pole at 
the other, ready to be connected to the motor, or each 
other, or to any link completing the circuit, the whole 
series will give a voltage equal to that of all its units 
added together. Again, why? Because nothing has 
been introduced to the circuit to prevent the current 
taking the shortest path to complete its circuit through- 
out the series, as it always will, if it can. Thus if we 
connect four ten-volt generators in series, we shall get a 
pressure of forty volts or so. 

(3) But if we connect them in parallel ( = multiple), 
i,e. by two main conducting wires, one connecting all 
the N. poles and the other the S. poles,, we shall 
only get a pressure equal to that of one of the four, 
namely, ten volts. Again, why ? Because this wiring 
has, by increasing the length of the path fourfold, 
reduced the number of direct circuits between S. and 
N. throughout to a quarter, and the resistance to 
the current flow is increased thus fourfold. It is the 
same with motors, which, (4) if connected in series, will 
oppose less resistance to a current-passage than if in 
parallel. But, creating a stronger field, they will develop 
more C.E.M.F. for the armature, so to speak, to fight 
against On the contrary, (5) motors connected in 
parallel, opposing more resistance and creating a 
weaker field, cut down the C.E.M.F. 

Clearly, therefore, we can obtain several speed varia- 
tions by the manner in which we connect the motors 
with the four generators, alone. Now if both motors 
and batteries are in series, because of the stronger field 
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created, the C.E.M.F. will cut down the power of the 
motors practically to one-half. Yet if we connect both 
batteries and motors in parallel, we shall only get one- 
quarter the power speed, or torque, out of the motors, 
because although the C.E.M.F. has been cut down to a 
quarter in the latter, so has the current-pressure in 
the former. But if, on the contrary, we connect the 
batteries in series and the motors in parallel, the former 
will be able to exert their greatest pressure — ue. give all 
their available current to the latter, because the C.E.M.F. 
will have been cut down to that created in one motor ^ thus 
enabling these to give their maximum torque, ue. speed. 
Our cells, we shall remember, are mounted serially in 
four sets or units, varying in the number of elements 
according to the maker, each set of elements being con- 
nected, as we have seen, in parallel to prevent them 
discharging as rapidly as would be the case were they 
in series, and giving ten volts or a little more per unit 
on that arrangement. Clearly, then, if their eight 
terminals and those of the motors be brought up to the 
spring-board of the controller, the various plates or 
blade series will give the desired groupings for the 
different speeds, and the reverse by turning the current 
in the reverse way. 

We have thus seen, with regard to torque, that its 
strength depends chiefly upon that of the polar attrac* 
tion previously mentioned ; which in turn depends upon 
the current from the batteries and the manner in which 
it is used, as well as upon the number of windings on 
the armature. For without the latter the current could 
not pass to the same amount, just as the same head of 
water— which corresponds in this connection to voltage 
or current pressure — cannot pass so speedily through 
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a small pipe as a large one, or through one pipe as 
rapidly as through two of the same size. But if we 
increase these windings — as we must to get our power — 
we increase the weight of the machine. The same argu- 
ment applies to the thickness of the conducting cables 
between all terminals. Consequently, as has been al- 
ready stated, an electric motor of even moderate horse- 
power is necessarily large and heavy, the average weight 
being well over 100 lbs. per electrical horse-power. 
Beyond this, again, the weight of the accumulators 
amounts as a rule to over one hundredweight and a 
half for each designed electrical horse-power hour, thus 
bringing the whole device to more than 280 lbs. ; which 
weight its torque has to overcome, as well as the dead 
mass of the vehicle, to say nothing of that of the pas- 
sengers. And this enormous total weight, as compared 
with that of an internal-combustion motor and its car, 
power for power, not only decreases the speed when most 
required, but adds cent per cent, to the cost of the tyre 
maintenance. For this reason we note that the tyres 
of electric vehicles almost invariably have armoured 
treads. 

These circumstances naturally handicap the electric 
motor as compared with others, and go far to offset its 
advantages, such as smoothness and freedom from vibra- 
tion in running, greater flexibility and high working 
efficiency, /r^/« current output to work output. Yet it 
must not be forgotten that its real efficiency scale — 
between current input and work output on the wheel 
tyre — begins in the furnace of the steam plant which 
drives the generators at the charging station. Of course, 
where water-power is available, we have the cost of the 
powqr practically reduced to its fraction of the interest 
\ 
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and profit on the cost of the generating plant, its 
upkeep, and the wages of the employfe ; so there the 
electric motor scores commercially over all others. But 
whether this condition exists or not, we cannot gjet away 
from the perpetual necessity of a fresh current-supply for 
the discharged accumulators, which can only be obtained 
at a chargifig station. And as such establishments are 
not common objects of village — or even provincial town 
— life, it follows that the further a car is enabled to 
run, by means of powerful accumulators, the further it 
travels away from a charging station ; thus increasing 
the risk on every outward mile of being stranded help- 
less by the roadside — that is, unless its circuit is re- 
stricted to routes carefully thought out beforehand. 

Consequently its real travel, before such restriction or 
risk begins, is, at best, half its nominal travel The 
efficiency scale of the internal-combustion or steam 
motor, on the contrary, begins in the carburettor or 
fuel-tank respectively, ending in the work done on the 
wheel tyres ; and restriction of travel on account of 
inability to obtain fresh supplies of the power-producing 
element is practically negligeable; since petrol or, failing 
that, alcohol in some form, or heavy oil, to say nothing 
of water, coke, or coal, can be obtained anywhere. 
Furthermore, the ratio of power to weight is several 
hundreds per cent, more elastic. To correct these 
disadvantages in the electric motor as much as possible, 
then, what may be called a fourth type of motor has 
been devised. 

This is the compound motor, that is, the combination 
of an internal-combustion and an electric motor. There 
are several varieties of these, and three main types ; 
but all depend for their working upon the well-known 
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fact that an electric motor becomes a dynamo giving off 
current when its armature is mechanically rotated in an 
opposite direction to that in which it normally revolves 
as a motor, supplied with current from an accumulator; 
that is, leaving the circumstance of its backward rotation 
with reversed current out of the question for the sake of 
illustration. 

This principle was first applied to vehicular propul- 
sion—albeit in a tentative manner — by W, H. Patton, 
of Chicago, who in 1 890 constructed a car upon which 
a gas engine drove a dynamo which gave its current to 
a small accumulator, which again supplied sufficient 
current for an electric motor to drive the car actually. 
This arrangement was not only complicated, but little, 
if any, lighter than an ordinary electric motor and 
accumulators. Six years later, however, H. J, Dowsing 
and L. Eppstein each introduced far simpler systems. 
In Dowsing's device the surplus power of a petrol 
motor drove a continuous-current dynamo ; which, after 
yielding sufficient current to charge an accumulator set, 
became a motor driven by these last the moment the 
car speed fell below a fixed rate ; the motor-dynamo 
also serving to restart the car. Eppstein's method, on 
the contrary — which now constitutes one of the three 
types above mentioned — was to couple a petrol-motor 
direct to a dynamo ; which furnished current to two 
motors and to a small battery connected in parallel 
with the latter. At moderate speeds both shared the 
current, a reserve being created in the accumulator in 
this way — the accumulator thus acting like a flywheel 
— which was absorbed by the motors at high speeds, 
ascents, and overloads generally. Again, on a gradient, 
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the motors acted in two ways, braking the car and 
acting aR dynamos to recharge the accumulator. 

A second type is that of Lohner and Porsche, who 
hitherto have used no battery, but couple a petrol 
engine direct to the armature of a dynamo with a 
circular field-magnet, rockable axially, the rotation 
being controlled by springs. The armature thus acts 
mechanically as a flywheel, and the field-magnet to 
a certain extent as a governor ; since the latter o\-er- 
comes its spring when the load on the dynamo exceeds 
the normal. Both are connected to a controller, whence 
the power is transmitted to motors enclosed in the hubs 
of the front wheels of the car. It will thus be obvious 
that the armature has nevertheless none of the physical 
power-storing properties of the Eppstein (or Fischer) 
system, for which reason a small supplementary battery 
— large enough to store sufficient power to start the 
petrol motor per dynamo, and for ignition of the former 
— has latterly been employed on Lohner- Porsche cars. 
It is not, however, of suflicient capacity for recuperative 
purposes, although the motors act as brakes on a de- 
scent ; but the system is much lighter than the one 
first described. 

The third type of compound motor is the Germun.* 
In this the petrol motor is connected to the field- 
magnet of a dynamo, the armature of which is 1 
upon a longitudinal shaft on which the armature ! 
a second dynamo is also mounted, the fieJd-magi 
of the latter being fixed to the frame of the car. Thjl 
end of this shaft again carries a bevel gear, whiej 
meshes alternately — according to whether the car i 
being driven ahead or reversed — with similar bei 
• The Geimain tiKtric cat. 
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gears, mounted on sliding sleeves on either side of 
the differential gear-case on the cross or counter shaft ; 
changes of direction being thus effected mechanically 
in the Germain system. Now the armatures of both 
dynamos each have a separate commutator and set of 
connections to a controller and variable resistance coil 
— not unlike the high-tension coil described in a 
previous chapter, though, of course, with a different 
function — the armature of the first dynamo thus trans- 
mitting the power to the field-magnet of the second 
one, which thus acts as a motor. But as both armatures 
are mounted upon the same shaft, it will be apparent 
that the pull of the field-magnet of the first dynamo — 
which, as we have seen, is mounted as a flywheel on 
the petrol-Tnotor shaft — acts directly and mechanically 
on the armature of the second or motor-dynamo, and 
indirectly and physically upon it by reason of the 
power transmitted — per controller and coil — from its 
own armature to the fixed field-magnet and the arma- 
ture of the motor-dynamo. 

Now, because the field-magnet of the dynamo acts 
as a flywheel, it follows that the faster the engine runs, 
the nearer the rotary speed will approach that of the 
armature ; and not only will the magnetism be reduce<! 
in both in consequence, but also (n) the direct torque 
on the armature shafim 

amount of current mii;:"J i ■ .- , ■■ 'rilytiam 

Thus the combined rc>uJi [s Jt-ss worn aono at^ 
bevel-drive. Convf 
the greater % 
of the dynana 
reverse of t 
the 
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dynamo and the second, so as to create a resistance 
" across " the field-magnet of the latter, which slightly 
short-circuits them. Further short-circuiting naturally 
increases the current in the main or dynamo circuit, 
and consequently the direct torque of the dynamo; 
these changes corresponding to similar increases in 
the work done on the bevel-drive, and hence in the 
speed of the car, the effect on the top-speed being that 
of a direct through drive in an ordinary car. Indeed, 
the Germain system is practically an electric change- 
speed gear, its advantages being greater flexibility and 
variety of speed-changes, and smoothness in making 
them, there being no risk, as in ordinary cars, of 
tearing the teeth of the gears out. Indeed, it must be 
admitted that the almost universal system used in the 
latter, of sliding toothed gear-wheels, revolving at high 
— or, indeed, any — speed, in and out of mesh with one 
another, is nothing less than barbarous, mechanically 
speaking. Unfortunately, it is only within the last two 
years that anything better in the way of mechanical 
change-speed gears has been devised. These are the 
Ricci gear, which will be referred to later, as well as the 
recently introduced Barber device. 

Other applications of the alternate dynamo-motor 
principle are those of Fischer, Munson, Hart, Mild^, 
Jcnatzy-Martini, and Pieper ; but though it may be 
taken for granted that all show some reduction from 
the weight of the electric-motor pure and simple, and 
certainly render their cars independent of the charging 
station, it is equally certain, from the nature of their 
construction, that any complications, mechanical or 
physical, which may belong to either the electric or 
the internal-combustion motor are combined in the 
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compound motor. And the lightest compound system, 
it must be remembered, weighs some 40% more than 
the average internal - combustion motor. Therefore, 
while these differences exist — and it seems only too 
probable that they will not only continue to do so, but 
increase in relative percentages of advantage and dis- 
advantage, especially in view of the introduction of 
better systems of mechanical change- speeds— it is un- 
likely that the compound motor, so far from assuming 
equal rank with the internal-combustion engine as a 
motive power for road vehicles and small vessels, will 
even displace steam in that capacity. 




Part III 



CONSTRUCTIONAL 



CHAPTER IX 

DESIGN AND CONSTRUCTION OF 
MOTOR-BODIES 

IN the preceding chapters the working and constitu- 
tion of the various motors adapted to automobile 
purposes have been fairly extensively dealt with, thus 
shortening the necessary discussion of their design, 
construction, and installation. Indeed, in the case of 
electric motors, constructional details have been treated 
fully enough to render their further description needless 
for the purposes of this work. And throughout, types 
rather than examples have been described hitherto, 
since only their working was being explained, examples 
and structural details only being introduced to typify 
or illustrate variations of working principles or systems. 
These, though normal enough in themselves, might 
easily, if left unmentioned, have confused the reader 
who subsequently chanced upon them, on account of 
their wide variation in construction merely, from the one 
or two standard types with which he would be familiar, 
had these latter only been described. Yet when we 

15a 
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come to design and construction, even the bare out- 
lines which it is proposed to give, we find that internal- 
combustion motors vary so greatly in these respects, 
and that each type of construction presents advantages 
and disadvantages which affect its working to such a 
degree, that mere description in the mass no longer 
serves our purpose. Thus detailed discussion becomes 
necessary, if we are to gather any idea of the nature of 
these advantages or disadvantages ; and especially in 
order to understand the conditions and methods of 
practice which now obtain in the automobile industry. 
There are, perhaps, no two technical details more 
popularly discussed than the bore and stroke of motors, 
and their horse-power ; and there are, perhaps, none of 
which the relative effects and governing conditions are 
more confused in the minds of the non-technical public, 
who seem to imagine (to give an example) that the 
installation of a motor of, say, twenty horse-power on a 
car means that the whole of that power is transmitted 
to the road-wheels, or is being uniformly exerted or 
developed at the wheels at all speeds ; or what not. 
Others, again, appear to think that if the content of a 
cylinder is so much, that so much horse-power is 
developed, and that the same conditions operate, to the 
same extent, irrespective of the relative ratios of bore 
and stroke, amount of compression space, and a score 
of other details, physical and mechanical. And since 
professional men — either engaged in active production, 
or as consulting engineers, constantly engaged in all 
manner of laboratory and workshop tests — have not 
yet arrived at the same conclusions as to the relative 
values of these conditions, and are still experimenting, 
busily as ever, with the view of producing the most 
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efficient motor some day, as a standard type, it is clear 
that the lay public must rely, for some time to come, on 
the varying information they can glean from the trade. 
And, generally speaking, they are in safe hands, since 
the latter, to do them the barest justice, do more to 
meet their clients, and give them value for money, than 
could be expected from them as business men, and that 
in countless instances. But it is equally clear that no 
one as yet can afford to dogmatise where motor theory 
is concerned, although one may criticise mechanical 
practice. 

Nevertheless, the slight outlines of both which I pro- 
pose to give, to the best of my present knowledge, may, 
in addition to what has been already written, enable 
the reader to understand what has been done, as well 
as the lines of present practice. Now, in 1862, Beau 
de Rochas laid down the following four essentials for 
internal-combustion engines of the compression type: 
1st. Maximum of cylinder-capacity for minimum dia- 
meter : because the greater the diameter — for a given 
combustion - chamber length — the more heat - units 
wasted and power lost through radiation. 2nd. High 
compression : because this diffuses the inflammable 
particles more intimately through the cylinder-chai^, 
thus promoting (a) greater rapidity and thoroughness 
of combustion, and {d) a greater expansive effort for a 
given charge ; hence greater power and economy. 3rd. 
Length of piston-travel to produce the results of the 
second essential just detailed ; and also a quicker charge 
induction and a more thorough exhaust-scavenge, as 
well as to counteract the known weakening of the effort 
towards the end of the stroke. 4th. High piston-speed, 
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in order to multiply the effort produced in a given time ; 
hence (a) greater power stored in the flywheel rim, or 
(^) equal power with a lighter flywheel, and (c) less 
vibration. Now it might be considered that these prin- 
ciples, carefully followed out, would result in a lengthy, 
top-heavy engine, with additional length to reduce the 
connecting-rod angle of thrust — like the original Daim- 
ler motor — and, in any case, noise, jar, and vibration. 
On the other hand, a short-stroke high-speed engine, 
with higher power, is equally indicated ; indeed, in the 
latter part of his pamphlet. Beau de Rochas rather 
encourages a short-stroke engine with a fairly large 
diameter and high compression. Singularly enough, 
too, seeing that the idea was not further developed for 
the next thirty-five years, he also anticipated spontan- 
eous ignition by high compression of the charge. 

Modern designers, therefore, working year after year 
from Daimler's starting-point, have compromised some- 
what as follows :— 



Feature. 
High compression retained 
by reducing clearance space 
in cylinder head. Also radia- 
tion area reduced to some 
extent for the same diameter. 



Length of stroke also 
slightly reduced. Higher rate 
of piston -speed effected in 
various ways. 



Result. 

Shorter cylinder, and a more 
compact engine of greater 
power on the same fuel-con- 
sumption. Ratio of water 
needed for cooling slightly 
reduced, and amount much 
reduced, thus again reducing 
engine weight. 

Angle of thrust reduced, 
also vibration and friction. 
Greater durability. Greater 
power, and a much lighter 
engine for power. 
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Some designers go even further, and by reducing the 
stroke to much less than the bore, claim the following 
advantages : — 



A much shorter and more 
compact motor. Also slightly 
reducing the clearance space. 
Diameter slightly increased 
for same designed motor- 
power. Possibly increased 
water-space in jacket, dia- 
metrically. 

Still higher piston-speed. 



A greater effective piston- 
area, with the same average 
of compression per sq. ia 
Extra power claimed. Possi- 
bly some loss by radiation. 
About the same weight of 
water. 

Probably greater fuel -con- 
sumption, but much greater 
power = a lighter motor for 
the same power, and smaller 
fuel-consumption. 

Continental designers, on the contrary, do not admit 
these conclusions to anything like the same extent. 
The majority prefer speed increased by other means, or 
a comparatively slower engine, recognising the fact, in 
the latter case, that the theoretically higher horse-power 
gained from increase of r.p.m. is lost in practice by the 
necessity of mechanical reduction by gearing. They 
therefore retain an average proportion of 7 or 6*5 stroke 
to about 5 bore. British designers, nevertheless, appear 
to admit these results to a certain extent, judging from 
their practice, in the majority of instances, of making 
the bore equal to the stroke. Others, again, go farther 
— as in the Standard engine, one of the latest — and 
make the stroke less than the bore in a ratio of 3 to 5 
or thereabouts. In this motor the speed-range is from 
250 to 2,000 revolutions per minute, so in this re- 
spect it would appear that the short-stroke design does 
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not fail. At the same time, the example named must 
be classed as a high-speed engine, as its r.p.m. for 
normal h.p. is 1,200. Yet, whatever question may be 
raised in regard to the comparative merits of the short- 
or long-stroke type, the former possess one advantage 
not usually found in vertical engines, namely, that the 
carburettor can be bolted on the head, right against the 
inlet-passage opening, and still be gravity-fed, thus 
reducing the length of the induction. This has been 
recognised as one of the chief points in favour of the 
horizontal typeof motor, such as the Vauxhall, Wolseley, 
Pick, and many American and Continental examples ; 
for, in those instances in which the carburettor has been 
thus placed on a long- or equal-stroke vertical motor, 
the fuel has generally been pressure-fed to the float- 
chamber. This was the case, if 1 remember rightly, in 
the earlier English and French Daimler motors. 

Personally, I have no settled convictions as to the 
relative advantages or disadvantages otherwise of either 
short-, equal-, or long-stroke motors. Nor is it any part 
of my present purpose to canvass them further than in 
the previous table, which must be taken as a mere state- 
ment of claims. In medio iutissitnus ibis. It may, 
however, be said that designers endeavour to balance 
mechanical against physical advantages, and combine 
both as far as possible, looking rather to improvement 
in other details of construction for any increase of effici- 
ency. The present tendencies in this direction, in Great 
Britain at least, are first of all to simplify and reduce 
the number of working, parts wherever possible, and to 
render them more accessible. Now, in regard to this 
much-discussed matter of complication, it must be 
understood that so long as they make little difference 



1 58 THE AUTOMOBILE INDUSTRY 

to the cost of production, and are soundly constructed, 
and do not reduce accessibility, it does not follow that 
so-called complications reduce efficiency. On the con- 
trary, some of the most efficient machines in the world, 
so far as the multitude of their working parts is con- 
cerned, appear complicated to an alarming degree. 
Take, for instance, a wool-carding machine, a linotype, 
or a French express locomotive, what could be more 
efficient, each in its own line? In this connection it is 
curious to note that some of the most hypercritical 
British critics at the recent Salon d'Automobile had 
actually been drawn to Paris in time for dinner by one 
of these terrible French engines. 

Still, the great thing to remember is, that as each 
working part constitutes a link or bridge in the path 
between power and work, it represents a point, the 
failure of which will break that path. Therefore the 
fewer such risk-points occur in any device the better, so 
long as the capacity to perform a given task efficiently 
be not impaired. On the other hand, we must dis- 
tinguish between an apparent complication which is an 
improvement, and one which is a mere alteration. The 
former we may welcome, so long as it does not lessen 
accessibility to the *' innards," which is, after all, one of 
the chief objects of modern design. Another important 
object — both from the producer's and the purchaser's 
standpoint — for which designers are striving, is easy 
replacement of all parts of the motor when faulty, worn 
out, or damaged, so that the whole need not be con- 
demned because of the failure of one part Thus many 
makers on both sides of the Channel are building their 
engines up in singles. These are being also made in 
one, or at most two, measurements of bore and stroke, 
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thus standardising production and reducing its cost ; 
power per motor being increased merely by adding one 
or more cylinders. The most notable example of this 
practice is the Weller motor, in which not only cylinders, 
but the crank-case are made in singles, so as to facilitate 
such addition. This practice also enables working parts, 
such as pistons, valves, connecting and tripping rods to 
be standardised in size for all motors of the same make 
at least ; the same also applying to bolts and nuts. 
Ultimately the purchaser gets the benefit of a cheaper 
motor, of equal or better quality. 

Furthermore, the greatest efforts are being made to 
improve carburation by the use of such carburettors as 
give a constant proportion of atomised fuel and air in 
the inflammable mixture at all variations of speed. 
These devices act, not so much to increase the actual 
volume of air in the mixture — although this increase is 
a secondary result in many instances — as to decrease its 
velocity at high speeds past the fuel-feed jet. This high 
velocity, it must be understood, increases the vacuum in 
the carburettor and induction pipe, and creates too great 
a flow of the more inert fuel, thus making the mixture 
too rich. Throttling at the mixture induction is no use, 
because, to say nothing of wire-drawing the charge and 
losing power thereby, it increases the air velocity still 
further, the piston-suction being constant. Therefore 
a still more disproportionate amount of fuel is drawn 
into the mixing chamber and atomised, and having, so 
to speak, got under way, on account of its greater weight, 
continues to flow, after the air has ceased to flow be- 
cause the inlet valve has closed. 

It does not return, of course, the result being that thi.s 
undue enrichment is continued and fuel wasted, even 
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for a few strokes after the engine has been slowed down. 
Now, when any vacuum is produced inside the car- 
burettor, the air-pressure therein is reduced below that 
of atmosphere. Commandant Krebs, taking advantage 
of this fact, fitted an auxiliary air-inlet above the air- 
intake, this inlet being surrounded with a sleeve attached 
above to a small vulcanite platform, beneath which again 
is a spring acting upwards to keep the inlet closed. 
Thus when the pressure inside the carburettor falls below 
a certain point, the atmospheric pressure on the plat- 
form depresses it, overcoming the spring and opening 
the air-inlet. This action may be compared to the 
pushing of two persons on either side of a door. The 
result, however, is that the vacuum and fuel-velocity are 
reduced to normal. Mr. J. R. Dunlop, again, also 
achieves this with a saw-like blade in the fuel-jet, the 
teeth of which turn the fuel-flow back on itself when its 
velocity exceeds the normal. So do Chenard-Walcker 
and Prunel, in whose carburettors a sprung air-valve is 
seated centrally in the mixing chamber, so that the lift 
may correspond at all times to the piston-suction — 
Huzelstein or Lunkenheimer fashion — thus keeping 
the vacuum and the height of the fuel-spray constant 
All these devices are automatic, but may vary with the 
spring tension. Others, again, throttle the fuel-jet from 
the governor, thus mechanically producing the same 
effect. 

Another great feature of modern practice is the 
endeavour to eliminate, as much as possible, the power- 
wasting effect on the change-speed gearing, and to 
obtain a greater variation of speed than these gearing 
systems typically afford. To do this the gearing is 
so arranged as to give a direct drive through from the 
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engine to the transmission-shafl: or driving-axle — as 
the case may be — on the top speed, the speed being 
subsequently reduced or further increased by slowing 
or accelerating the engine, the lower gears only being 
brought into action for steeper rises than is good for the 
motor to negotiate. The latter, in all but seven ex- 
amples, so far as I am aware, is slowed by throttling the 
mixture; which, as I have tried to show, is not good 
practice : for this throttling is entirely different from the 
throttling of steam in its physical results in the engines, 
as was argued in the chapter on steam motors. In 
the Chenard-Walcker car, however, the speed is reduced 
by the action of special skew-faced inlet-valve cams, 
mounted on a cam-shaft which can be slid lengthwise 
against a spring — not unlike the cam-shaft of a Serpollet 
engine — the sliding of the shaft thus causing the skew- 
faced cams to lift their rods always to the same extent, 
the motor being slowed by varying the duration, but not 
the extent of the opening of the inlet valves. Thus the 
cylinders are free to inspire their charge at the same 
velocity at all speeds, power being reduced by cam- 
variation to reduce the charge amounts, but not by wire- 
drawing. In this way practically any speed from a two- 
mile crawl to the fifty-mile maximum can be obtained 
without touching the gears, and with an unvaried mix- 
ture. The Chenard-Walcker engine, therefore — in my 
opinion at least — may be r^arded as having the most 
soundly induced flexibility — theoretically speaking — of 
any now constructed, if indeed it is not the most efficient 
of all. So far it is certainly unique. 

The latest constructional departure is the new Hutton 
car, which is fitted with the Barber variable-feed change- 
speed gear. This — wbidi, as well as the Ricci and other 
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devices, will be described later on in detail more fully — 
enables the motor to be run at a constant maximum 
speed at all times, irrespective of car speed, for the first 
time in automobile history. The speed changes are 
effected by varying the throw of an eccentric linked 
to a sliding-sleeve keyed on the motor-shaft end, and 
supported between two clutch discs — one of which is 
secured to the driven shaft — held in perpetual engage- 
ment with each other, and with either side of the 
eccentric, through clutch shoes attached to opposite 
pairs of link-arms on its strap. Thus the sleeve, slidii^ 
in and out of the motor-shaft clutch-disc — which is held 
stationary in a circular casing, and itself contains the 
other disc — not only rotates the eccentric to give it the 
rotary drive, but varies its throw to give all speeds 
from rest to maximum. It will therefore be seen that 
flexibility is not at all essential in the motor, the speed of 
which, nevertheless, can be reduced — to correspond 
with an increase in the eccentric throw — to reduce the 
fuel - consumption per mile on the level. This last 
device constitutes the latest radical development of 
construction — in fact, at the time of writing the Hutton 
cars are scarcely on the market — but another, thoi^ 
less recent one, is to place the change-speed gear-box 
at the other end of the driving-shaft, forming it, in fac^ 
as part of the casing of the differential and bevel drive 
on the rear axle. The Henriod " Pandora" and a very 
recent Simms gear-box are the most popular examplei 
of this system, which gives a direct drive thro;^h with 
perhaps the minimum loss of power attainable witJl 
spur gearing. ~ 

Other objects of present effort are the lightening and 
strengthening of the car frames or chassis, the strengi 
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ing of the driving axle and its differential gear casing, 
the simplification of the controlling mechanism, and the 
improvement of tyres in various details. These, how- 
ever, will be discussed subsequent to the actual manu- 
facturing processes relating to the motor itself, which 
will be the subject next considered. We note, first of 
all, that the frame and body of a motor, apart from its 
working parts, consist of castings, the cylinders and 
heads being cast iron or steel — though in some in- 
stances the water-jackets are made separately — while 
the crank-case may consist of iron, steel, aluminium, or 
magnalium castings, or of any other metal of sufficient 
strength; lightness, of course, being sought as well. All 
castings are made in moulds, consisting (a) of the core- 
body — thus termed to distinguish it from {d) the sand- 
core proper and (c) the core-print. The first regulates 
the shape of the inner surfaces, assisted by the second ; 
while the third moulds the outer surfaces to the shape 
of its own inner surfaces. These parts, which are 
called patterns, are generally made of steel, brass, or 
compo-metal to ensure freedom from warping, strength, 
and a smooth surface to which neither the hot metal 
nor the sand of the core will adhere — their surfaces 
being also coated with blacklead to assist this result — 
thus obtaining regularity of thickness in the casting and 
reducing the labour of finishing. 

These patterns are formed differently, usually with 
the core-print and sometimes the body halved or other- 
wise divided for convenience of extraction, i.e. relief, 
according to the methods in vogue at the individual 
foundry and the nature of the casting to be made, 
quite apart from their actual shape Hs pHttem moulds. 
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spaces where there is to be metal in the casting, and 
vice versti. However, when there are to be intermediate 
blanks in the casting (eg; in the water-jacket), inter- 
mediate core-bodies are introduced, and supported hy- 
stays between the inner-body and core-print, so as to 
mould the sand-core, which consists of fine black 
cohesi\'e sand, capable of being moulded into solid 
masses which will retain their shape. These bodies 
have holes at one or more points, and are pierced from 
the centres of the holes so that thej' may be withdrawn 
from the moulded sand-core, which runs through the 
holes to the walls of the outer mould to form stays or 
supports — the sand-pegs — for itself. These sand-pe£S 
leave holes — the vents — in the outer walls of the cast- 
ing, which are afterwards plugged, except, of course, in 
the instance of the water connections, and those open- 
ings, such as the inlet and exhaust passages, valve-box 
seatings, etc., which make complete connection with the 
interior. Through these vents and openings, then, the 
sand is withdrawn when the casting is cold. Some- 
times, too, when the connection is to be short and direct, 
as for the sparking-plug, the sand-peg may be replaced 
by a removable mould-plug between the outer mould 
and inner body. 

The core-print or outer mould having been placed on 
the moulding-floor, and firmly secured, the inner bodies 
or core-prints proper, the thicknesses of which corre- 
spond with those of the intended castings, e^. the inner 
and outer bodies of the head and cylinder and thdt 
water-jackets, are then secured in position, after which 
the inmost body is erected centrally, and secured by the 
keys or mould plugs previously mentioned. The outer 
core-print also has two or more holes to support the 
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casting, but these holes, of course, are covered. The 
prepared sand is then pressed, little by little, firmly 
into all the blank spaces in the bodies, and between them 
and the inmost one, and after the core has thoroughly 
set, the core-print bodies are withdrawn. As before re- 
marked, their surfaces have been blackleaded freely, 
thus leaving smooth surfaces on the cores, which, when 
sufficiently dry, though still slightly damp, are ready 
for the metal to be poured in. The utmost care is, or 
should be, taken in the selection of the metal, in regard 
to its grain and heat- and wear-resisting properties. 
Presuming all this, however, the molten metal is poured 
in steadily, but little by little, and the casting made, 
and allowed to cool gradually. 

Obviously, the operation of making the core and 
relieving the print, to say nothing of the actual casting 
of the specially grained and chemically constituted 
metal us^, is difficult enough even when the sand is of 
the best, and print and body are liberally coated with 
blacklead — unfortunately the blacklead is too sparely 
used in many foundries — to prevent either sticking when 
withdrawn, or the core sticking to the casting. And if 
this is s(^ when only the cylinder head, or heads, and 
valve-chests are formed in the casting, with their water- 
jackets, it will readily he understood that it is even 
rftore difficult — indeed, an almost prohibitive task with- 
out the greatest skill and experience — to cast not only 
these, but the cylinders and water-jackets, in one cast' 
ing with few or very small openings. For, to say 
nothing of the chance of pinholes forming and making 
the whole casting a "waster" (often not detected as such 
until machined to a finish and tested as a motor), there 
is the difficulty of getting all the cylinders in perfect 
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line and all the thicknesses as designed, else when bored 
the walls of the latter will be too thin at one point or 
another. This even worse fault obviously cannot be de- 
tected except by the resultant short life of the cylinders. 
Consequently, cylinders are cast in pairs, or at most in 
threes in this fashion. Cast in singles, a faulty cylinder 
does not involve the scrapping of the whole job, this 
system being therefore the better commercial practice. 

Yet it cannot be denied that the whole affair is pretty 
to a degree when finished ; but unless the plugs are made 
removable, a fault develops in the water-jacket later; 
that is, earthy silicious constituents of the water bake 
hard on the cylinder, and cause unequal cooling and 
expansion, and consequently structural deterioration, 
the pump being frequently blamed for failure when the 
fault lies in the dirty jacketing. Seldom, too, are 
spaces left between the cylinders, the same results, in 
my opinion, accruing. However, all these faults may 
be eliminated by casting the jackets open at the sides 
or ends — English fashion — or at the top, as in some of 
the latest French productions, the opening thus made 
at the top being (^) formed into a seating for a cast- 
cap, or {b) fitted with a light metal panel, packed and 
screwed or bolted into place. Water-jackets with side 
or end openings are also panelled in the same way. 
Frequently, also, the cylinder head is cast open and 
seated or tapped for a cap, held down from the water- 
jacket cap, which is yoked to place. This, however, 
although it enables the thicknesses to be checked to a 
nicety, may mean leakage, unless the greatest care is 
taken, not only in the machining of the seating, but in 
its setting on and yoking down, unless the cap be 
screwed in. But in all these cases the casting is easier 
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to make in the first place, although another objection 
to the open-top style is that the valve-chests must be at 
the side, and so give the motor a top-heavy or else 
bunched appearance, which is increased by the exhaust 
and induction pipes. This is, of course, a mere matter 
of taste, but the principal objection urged against all 
methods of casting cylinders and heads in one piece 
with closed tops is that the cylinder cannot be bored 
true for the whole of its length. Personally, in view of 
the working conditions of boring, I am inclined to 
question this opinion, except with a very long cylinder. 
Another system in constant use is to cast the 
cylinders and heads separately, each with its own 
water-jacket, the water-jackets communicating through 
holes in a metal-to-metal or packed joint The advan- 
tages are, of course, easier casting, and the greater' ease 
in boring the cylinders absolutely true. One is also 
more certain of the thicknesses, especially when the 
water-jackets are open-panelled. Against this, how- 
ever, must be set the fact that the frames or faces 
around the cylinder tops and on the underside of the 
head-casting, which constitute the joint, even when 
freely opened, rather check the rapidity of the water- 
circulation ; and that leakage of water into the cylinders, 
or loss of compression from them, are liable to occur 
even when the joint is carefully made, if the contraction 
of the heated metal be at all unequal when the motor 
has cooled down after running, mere surface-packing 
' soon perishing. Personally, I consider, both in this 
instance and that of pinholes in a "headless" casting, 
that it is not so much leakage of water into the 
cylinders that does damage and causes engine-failure — ■ 
water is actually sprayed on purpose into Banki's 
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engine — as that compression is lost through these leak- 
age points into the water-jacket And I base this 
belief on the fact that the pressure inside the cylinders, 
even before ignition, is about four times as great as the 
pressure of water in the jackets. Therefore, as this 
failure, either way, does occur, one would favour a 
variation of this method, in which the cylinder-jackets 
are cast open all round at the top, as well as the under- 
sides of the water-jacket of the head-casting, the 
former, as well as their cylinders, fitting into little 
channels in the metal faces of the head-casting and its 
jacket, cut fairly deep, so as to contain a little asbestos 
or metal packing (see Figs. 6 and 7, p. 46). Or the 
little channels can be cut in the metal faces of the tops 
of the cylinders, to take corresponding flanges or ridges 
on the face of the head-casting. Thus leakage in either 
case is out of the question, the heads being secured to 
the cylinders by the usual short bolts seated in the 
latter, or by colonnette bolts from the crank-case. 

This method is blended into another system, seen in 
some of the latest Continental examples,such as Panhard, 
Tony Huber, and Germain.* In these, the heads are cast 
separately with their water-jackets, with channels into 
which flanges on the cylinder tops, and also the cylinder 
water-jackets, are fitted ; the usual short bolts securing 
the heads to the cylinders. But the peculiarity of this 
construction is that the cylinder-jackets are not cast on. 
Instead, they consist of light, separately made cylinders, 
barely one-eighth inch thick, of copper, brass, or white 
metal, frequently corrugated in order to permit expan- 
sion at the higher circulation pressures experienced 
at high speeds. They are, furthermore, bevelled off at 

* The Germain cylinder-heads make a double-coned pipe-joint, with 
their cylinders. 
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the bottom, so as to fit closely to the cylinder walls, on 
which they are sweated down and soldered. Their 
upper edges, as said, fit into the channels in the joint- 
faces of the outer walls of the head water-jacket.* In 
the Panhard motor they are held by the joints between 
heads and cylinders (see also F^. 6 and 7, p. 46), 
There can be no question as to this being a light and 
lovely construction, and the soundest commercial prac- 
tice ; moreover, it is free from the common defect of 
over-water-jacketing. Again, when the heads are held 
down on their cylinders by colonnettes or corner bolts 
from the crank -case, the whole device is rendered 
extremely easy to dismantle or reassemble. Further- 
more, with this construction cast-iron or steel tubes — 
practically liners — can be used for cylinders. These are 
said to be not only lighter, but cheaper than the usual 
castings, and also to require much less machining. This 
system, too, shares the advantage of all motors built in 
singles, of ready replacement of a spoilt cylinder. 

But it also has the disadvantages common to the 
type, namely, that stays are required between the heads 
— with, of course, an increased number of bolts — in 
lengthy, long-stroke, multi-cylindered examples, in order 
to strengthen the whole motor against its own vibra- 
tion, unless, as in the Weller motor, all the exhaust and 
all the induction pipes are made in single castings, 
which serve as a bond. Stili, there are twice the number 
of joints in the water-connections, and these water-^ 
jackets, it is said, become very leaky afler a time. Of 
this detail I have no experience, but if so, 1 see no 
reason why all these disadvantages should not be 
eliminated (i) by casting all the heads and t 

* Th« watec-jackeU in the Getmun notot Me fitted oaM 
tiou, on the cyliDderi, with rings ihiunk on outwll 
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jackets in one, with packing channels on its underside; 
(2) By screwing the cylinders one by one into a light 
metal frame with a channel cut round the outer edge of 
its upper face. This frame would hold all the cylinders 
midway up. (3) By water-jacketing the whole as one 
cylinder with a continuous jacket all round, which, 
being held in a packed channel at top and bottom, 
obviously could not leak, and would only need one or 
at most two water-connections, (4) Securing the head 
to its cylinders by two colonnettes at each end — or 
even a single large one — from the crank-case to lugs in 
the head casting, the cylinders being also screwed into 
the usual feet, or set into raised annular channels in the 
top of the crank-case. Or the colonnettes could be 
arranged one at each end and side, so, with only four 
nuts to loosen, apart from removing the exhaust, induc- 
tion, and water-connections, inevitable in any motor 
repair (such as fitting fresh piston -rings or a new 
cylinder), such operations would probably be reduced to 
bicycle simplicity. Other advantages might be cited, 
but cheapness, ease, and lightness of construction, with 
facility of renewals, would appear the most salient 
Nevertheless, I quite expect that this suggestion will be 
severely dealt with by the omniscient " expert *' ; only 
I would remark that it is merely an extension of the 
latest successful bicycle-motor practice ; so if it succeed 
in that capacity, what is to prevent it doing so on a 
bigger scale, with scantlings proportionately increased ? 
Another variation from general practice is to be 
found in the Napier motor, in which the upper half of 
the crank-case is extended upwards to the head, form- 
ing water-jackets and cylinder walls, into which cast- 
iron liners are forced down. Lastly, when cylinders are 
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cast in pairs, the inlet passages are also paired, by 
being situated between the exhaust openings, so that 
they may branch from a common opening in the centre 
of the valve-chest, thus materially reducing the length 
of the induction pipe. 

Coming next to the crank-case castings, we find the 
lighter metals previously mentioned employed instead 
of steel or iron. They are formed in two main castings, 
as a ruUy so as to halve the crank-case either (i) ver- 
tically, the halves being bolted together, as for single- 
cylinder motors, or (2) longitudinally, the halves being 
cast open at their ends to receive disc-like plates con- 
taining the end-bearings of the crank-shaft, or cast to 
form seatings for the bearings ; which are made of phos- 
phor bronze or some other alloy of anti-frictional metal, 
and should be of considerable length, in order to dis- 
tribute the shaft friction or thrust over as wide an area 
as possible. In order to reduce this friction, these 
bearings, which are bored true out of the solid block as 
a rule, though sometimes cast to shape and bored true, 
and in any case flanged to their seatings, sometimes 
have one or more transverse grooves at their ends, con- 
taining a number of steel balls. The number of these 
balls is just short of filling the grooves, so that they 
may move without crowding each other. At the ends 
where the grooves are cut, the diameter of the bear- 
ings should be increased to admit of the shaft being 
thickened into an extra shoulder, to prevent it being cut 
and weakened by the balls in wear, as these naturally 
take its thrust only at their contact points. Indeed, ball- 
bearings are the merest fad, in my opinion. Further- 
more, the rest of the bearing will take the thrust better. 
In all car-motors, and many of the marine type, the 
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upper half of the crank-case casting is formed with arms 
or long lugs cast on either side at each end, and in most 
multi-cylindered examples with one in the middle as 
well. These arms, which vary in shape and angle with 




the general design of the motor, attach it to the frame 
or bed-plate of the car. They also, in some examples, 
are cast so as to form buttresses for the crank-case. 
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Inside or outside the latter, again, small lugs or pro- 
jections are cast uniform with it to form the seatings of 
the cam-shaft bearings. If the cam-shaft is carried 
outside, a covering is also cast and bolted to the crank- 
case. It is usually mounted inside, however, to protect 
it from dust and dirt, and for more convenient lubrica- 
tion ; also, this upper half of the crank-case is cast 
open to receive the covers of the half-time gears, or the 
governors, or the commutator, or all three, or is even 
shaped at its ends so as to include them. 

Again, the whole of one or both of its sides are often 
cast open, the edges of the opening thus formed being 
counter-sunk to receive a removable inspection door or 
panel, which thus actually forms the side when secured 
in place. In other examples, inspection openings are 
made in line with the cranks. Thus the condition of 
the shaft bearings and connecting-rod brasses can be 
noted, and repairs effected, without dismounting the 
motor, or breaking joint between the crank-case and 
the cylinders, or between the two halves of the crank- 
case. Now, as these joints are ordinarily among the 
most difficult of the fittings in assembling the motor, it 
will be readily seen that this method of crank-case con- 
struction is the soundest practice because of its con- 
venience. As has been said, it originated with Leon 
Lefebvre. But we shall note that many makes of 
Continental motors, especially among those most in 
fashion and most extravagantly boomed, afford no such 
facilities for inspection and repair. Instead, the whole 
mechanism is enclosed in a crank -case — halved as 
above described— without a single opening except from 
beneath, so that the entire motor has to be dismantled 
if the slightest part go wrong in any way. This con- 
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struction would therefore appear unsound, both in sm 
engineering and in a work-a-day sense, even for a little 
bicycle motor. We can, however, admit it in the latter 
case, on account of its small size and accessibility. But 
in the big multi-cylindered engine of a touring car, 
especially when surrounded with the necessary branch 
lubricators, the exhaust and induction pipes, etc., etc., 
what shall be said? Buying a motor, therefore, with 
a crank-case thus hermetically sealed, in my opinion, 
is tantamount to buying trouble, let it run never so 
sweetly while in good order. Breakdowns do not occur 
in garages, but usually in situations when the roadside 
or a hedge is the site of the repair-shop thus suddenly 
constituted. And what inspection, I would ask, can be 
effected with any certainty through a hole in the bottom 
of the crank-case ? And if these everyday contingencies 
of automobilism on land detract from the value of a 
motor, those to be met with afloat, such as a hot tide or 
half a gale driving a vessel with a temporarily broken- 
down motor on a lee shore, absolutely disqualify it for 
marine work. 

To complete the description of the castings, the 
lower half in a multi-cylindered motor usually has 
transverse webs or plates formed or fitted internally, 
which form seatings for the bearings of the journals, 
that is, those portions of the crank-shaft between the 
cranks. These bearings, therefore, with their supporting 
plates, are vertical to the spaces between the cylinders 
above. This lower half, as has been said, constitutes an 
oil-bath for the whole of the contents of the crank-case, 
and on this account should be fitted with taps to draw 
off the oil or openings through which the crank-case 
may be frequently cleansed. 



CHAPTER X 

DESIGN AND CONSTRUCTION OF 
MOTOR PARTS 

HAVING thus discussed the designs most in vogue 
for the various parts of the body of a motor, we 
may enter upon the details of the machining and fitting 
of the castings. These, after first having their rough- 
nesses, if any, cleaned off, have their faces machined to 
a true surface whenever a joint of any sort is to be 
made. This is done in the case of the crank-chamber 
casting, on a planing machine, or a vertical milling 
machine ; the latter, with cutters of the right size, doing 
the work about twice as fast The joint between the 
halves must be made absolutely parallel with the top of 
the crank-case. Each half is now bored for the bolt 
holes, the oil holes to the bearings, etc., in a "jig" or 
template to assure perfect coincidence: The counter- 
sinking for the inspection panels is then milled, and 
the two halves are now temporarily bolted blether and 
set in a lathe to have the seatings for the end-bearing 
plates faced, or the holes for those bearings, as the case 
may be, bored true, as well as the seatings for the bear- 
ings on the intermediate plates and for the cam-shafts. 
These plates, if cast separately and fitted in, are also 
machined separately, as also end-bearing plates, which 
are lathed to fit their seatings and bored for their bear- 
ings. All these seatings for bearings must be in perfect 
'75 
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alignment and parallel to the top of the crank-case 
The bolt holes for the cylinder feet having also been 
bored to jig, the crank-case is now ready to have its 
bearings ^tted and, if necessary, re-aligned and fitted, 
and to be put together after a final cleaning up. 

The cylinder and head castings, having been cleaned 
up generally and had all faces planed or milled true, 
are then " chucked " on a capstan lathe to have the 
valve-box seating faced and the exhaust-valve seat- 
ing formed. Other seatings are also faced on this tool, 
such as those for the ignition-plug — if the motor is to 
have low-tension ignition — covers, etc* The cylinders 
are then put on a turret-lathe, and bored in two borings 
with special mandrels, the first one giving a coarser cut 
and the second the finer, finishing cut This operation, 
next to the casting — which, in my opinion, is more 
of an art, since anyone can either " make a spoon or 
spoil a horn," whereas the founder, so to speak, has 
to " make the horn " — is the most important in the 
whole process. One-five-hundredth, and in some works 
as little as one-thousandth, of an inch is the limit of 
error allowed.f Some makers, however, fractionally in- 
crease the diameter at the base of a cylinder or its 
crown so as to facilitate the insertion of the piston. 
Others, again, give an extra finish with a lapping toed* 
the essential part of which is a rod, with scrap cloth 
mounted in a holder, or a circular wad of soft material, 
at one end, not unlike a gun-cleaner. This rod is driven 
up and down in the cylinder at the rate of several 
hundred strokes per minute, and at the end of several 
hundred thousand strokes is found to have imparted 

* When cast in pairs, bolh cyllnden wre bored at the tame time. 
t Such is the claim : but I doubt whether lew than lig it attaioed la 
actual practice. 
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a glass-like surface to the inside of the cylinder. Some 
makers, on the contrary, prefer that the piston should 
give this in working, but it would appear likely that 
the glassy surface acquired with a lapping tool would 
be the more likely to resist the scoring of hot gases 
from the outset. 

After boring, each cylinder is tested by subjecting 
it to water-pressure internally at 300 lbs. or more to 
the square inch, when, if any leakage is found to exist, 
it is rejected. Here, again, a cylinder of the "head- 
less " type, in which the thicknesses cannot be checked 
throughout, may pass the test, and in further wear 
expose a partial blow-hole, or fail at a thin spot The 
cylinders are then generally given an external smooth- 
ing on a lathe, and after having their feet bored for the 
bolt holes, are ready for the fitting shop. The feet, 
as we saw, were faced to absolute transversal alignment 
with the crank-case, so as to bring them to a true 
parallel, and the cylinder axes to a right angle with the 
shaft line. In one or two instances, however, the crank- 
case is so designed as to make the cylinder axes slightly 
tangential, instead of radial, as usual, to the shaft axis. 
This is done with the view of eliminating dead-point in 
the cycle. Similarly the motion of the crank throws — 
rotary — must always be in a direction parallel to the 
plane of the cylinders, and at a right angle with the 
shafl line. As a result, therefore, of all the foregoing 
alignments and " truings " — continually compared with 
those of the working drawings — the direction of the 
motion of the pistons and connecting-rods — recipro- 
cating — is rendered exactly in line, or, at least, parallel 
with the cylinder axes, and rectangular with that of the 
shaft The centres of the crank-pins are also generally 
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in line with the cylinder axes, but need not be, in whidi 
case their connecting-rods are beiit over so that their 
small ends shall be as nearly as possible in line with 
those axes. 

Let us now see what has taken pla^ in the fitting- 
shop. We shall see that the valve-boxes — ^which in the 
case of a.o. inlets always include the seatings, and also 
include the exhaust valves and their seatings when the 
valves open downwards from the top of the motor into 
the combustion-chamber, as in the Maudslay, Sclbacb, 
Jenatzy-Martini, Belsize, Buchet, and Duryea — are made 
in separate castings. These castings are cylindrical, 
and hold the valve-spindles in central guides, formed 
vertically on central diaphragms on which the valve- 
springs are seated. This is the usual instruction of 
single-cylinder valves, inlet or exhaust, but sometimes 
with a.o. inlets the diaphragms are cast open, and the 
upper end of the valve-box domed or otherwise closed 
to form part of the induction passage. Most compound 
a.o. inlet valve-boxes are of this type. All are secured 
in their seatings 1^ arms, called yokes or bridges, which 
in some cases embrace two at a time, being centrally 
pivoted. Sometimes also, they are secured by threaded 
open nuts, threaded externally into the metal of the 
motor-head. Domes of a hose-union type are also 
used, tightened by a central bolt These castings 
almost invariably act as covers, the removal of which 
enables the exhaust valve to be got at, removed, or 
ground to its seating. But in motors with valve-chests 
at the side, with m.o. inlets, unless these latter are 
operated by the same rods as the exhausts — e^. the 
Noble bicycle motor — they are replaced in this capacity 
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by castings which are inspection covers only, and are 
secured in the same manner. 

This constitutes perhaps the one disadvantage at- 
tached to m.o, inlets in motors which open upwards 
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from the bottom of the valve-chest, which, therefore, 
have to be ground to their seatings iri the same manner 
as the exhaust valves. Here it may be remarked that 
there is actually no such thing as a " water-jacketed " 
valve. Since it has to open into an induction or ex- 
haust passage, there could not be. What is meant by 
the phrase is that the water-jacket is extended round 
such passages, and round the spindle-glides as well in 
some cases, thus serving, to some extent, to keep the 
valves cool by conduction. Valves — or rather their 
heads — are of two kinds, bevelled to fit in a countered 
seating, and disc valves, which extend beyond the edges 
of a flat seating. The latter, it is said, are very difficult 
to grind to a gas-tight fit, and, at any rate, are very 
seldom used. It is important, however, whatever their 
material — cast iron chilled hard and expanded red-hot 
on a steel stem, nickel steel-heads on steel-stems, or 
rolled nickel-heads on steel-stems — that their seatings 
should not be flush with, but some distance above or 
below, the walls of the passages, especially the exhaust 
Otherwise their stems will be bent or broken at the 
neck by the rush of the gases ; for it must be under- 
stood, from the very heat of their situation, to say 
nothing of the rapidity with which they act, that they 
are in no condition to stand anything but a direct flow 
all round. Furthermore, a flush seating exposes their 
necks — their most delicate part — to the direct action 
of the exhaust gases. Of course, this sunk seating — 
unless it be domed — forms a pocket for combustion 
products. This constitutes another advantage for the 
method of placing the valves centrally in the cylinder 
head, to open directly downwards, since the rush of the 
exhaust gases can hardly fail to be even all round ; so 
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in such cases the seatings are better flush with the 
cylinder head. Furthermore, this construction obviously 
does away with lengthy port passages, which decrease 
power because they increase charge-velocity and may 
cause condensation. As to the size of the valve-open- 
ings, it may be said at once that it varies according 
to the bore and stroke of the cylinder and piston, as 
also their lift However, the inlet-valve opening should 
at least be lai^e enough to ensure a proportionate 
charge at all speeds ; and if it be for an a.o. valve, it 
is safe to increase its diameter on account of its un- 
reliable action. In my opinion, the exhaust valve, and 
still more its passage, should be larger than the inlets, 
within reasonable limits. In any case it should be 
large in proportion to the bore and stroke, so as to 
avoid any throttling and hasten elimination of the ex- 
haust gases. And in all cases in motor construction, 
the greatest care is, or should be, taken to ensure the 
boring of the valve spindle-guides to an absolute right 
angle with the valve-seatings, and to make each a close, 
yet easy, fit for the spindle itself. 

Ignition plugs, which are also castings, are machined 
to fit in their seatings in the cylinder head in the same 
manner as valve-boxes, and are also bored to receive 
the spindle of the rocking-arm of the rupture-spark 
mechanism, the spring and rapid cam of which they 
also carry. As has been explained in a previous 
chapter, their situation and the details of this mechanism 
vary in nearly every make. In most cases, however, 
their outer ends are shouldered to fit over their seat- 
ings, or in some makes — a neater job — to fit into a 
shoulder seating of corresponding diameter. In others 
they are coned to their seatings; and all are tightly 
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secured in place by short bolts or screws, or by yokes. 
When bored so that the rocking -arm spindle fits 
properly, no compression is ever lost through this low- 
tension plug, in my opinion, despite all statements to 
the contrary by opponents of that system of ignition. 
These people find their answer in the fact that it is now 
superseding the high-tension system almost universally, 
on account of the greater power afforded by the laxget 
spark and the greater ease of obtaining s)mchronous 
ignition in multi-cylindered motors, in which high- 
tension ignition until recently has been notoriously 
unreliable. All joint-faces are also machined true, and 
where the attachment is made by bolts or screws the 
holes for these are tapped in the casting of the cylinder 
head, or rather in its water-jacket walls, which are 
thickened inwardly at these points for the purpose. 
Similarly the holes for the sparking — or insulated plugs 
— are drilled and tapped, but with a somewhat larger 
thread than in the last instance, the surfaces also being 
faced — planed or dressed — true to fit the plug shoulders. 
Pistons, as will have been gathered from preceding 
chapters, are cylindrical, or rather trunk-shaped cast- 
ings, usually of a special grade of cast iron — though 
nickel-steel, I believe, has been used — ^with two internal 
projections opposite each other, which are subsequently 
bored out to hold the gudgeon-pin. The situation of 
these in the piston varies, being frequently above the 
middle point, although in the Panhard, Hautier, De 
Dion, Ader, Gillet- Forest, Turgan-Foy, and other French 
motors, as well as the Maudslay, Brooke, and others in 
this country, they are placed exactly at mid-point In 
one or two they are placed below it ; but it is said that 
this practice engenders rocking in wear. Beneath these 
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horizontal projections are vertical ones, which are also 
bored to take locking-screws or pins, which hold the 
gudgeon-pin ; not so much to prevent it rotating as to 
hinder it moving lengthwise either way, and scoring 
the cylinder walls to create loss of compression, etc. 
After these borings have been made, the grooves for 
the piston-rings are cut — usually two, three, or four at 
the upper end, and one just above the lower third part 
or thereabouts — and the piston is machined to the most 
careful fit in the cylinder. 

The grooves are cut, in many instances, to a varying 
depth, in order to keep the piston-rings from sliding 
round in work until their openings — which are usually 
di^onal, but sometimes step-jointed — coincide, thus 
losing compression ; but chiefly this is done so that 
the rings may be made thicker opposite their openings 
to give them the even, all-round spring they should 
have. Sometimes, too, they are pinned at some point 
in their circumference to prevent their sliding round. 
They are made of specially grained cast iron, of a heat- 
resisting quality, and spring into their grooves one by 
one, beginning at the lowest of the series, the bottom 
one being sprung on at the other end. In making 
these rings, after they have been cut and their joints 
made, each is placed in a circular clamp and lathed out 
■ to the proper size inside ; it is then secured to the face- 
plate of the lathe, and worked down to the proper size 
outside. 

Some pistons have internal annular flanges lipped 
upwards, which catch the oil and convey it to the 
cylinder walls through holes cut in the trunk. Indeed, 
there is nothing to prevent the lower part of the trunk 
being lightened or skeletonised by free perforation of 
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this kind, so long as the gudgeon-pin is carried 
ciently above mid-point to equalise the balance, i 
upper rings are quite sufficient to check any loss oi 
pression. Hautier also does away with gudget 
locking screws — which are always liable to jar lo 
by placing a piston-ring over the ends of the gud 
pin. Another very neat method of holding the gud 
pin in place — one which is very suitable for the si 
pistons of short- or medium-stroke motors — is 
employed in the " Wolverine " marine motor and 
trated in Fig. 19, with the accompanying conne 
rod. As will be seen, a groove is cut in over the 1 
of the pin, through which passes a small clamp-t 
one side of the connecting-rod end, which is spc 
made larger to give room for this bolt Fig. i; 
shows the pin fitted. 

In the construction of the crank-shaft, too, we 
note great variations. When made in a one-pie« 
forging the cranks are usually represented in the i 
by solid blocks forged integrally with the main 
of the forging, set on it radially at various angles 
one another. Sometimes, in the case of the sh 
a four-cylindered motor, they are set at an angle c 
However, in the majority of four-stroke engines o 
size they are set in pairs — two up and two dow 
180°. The pairing, again, varies ; as the end and n 
ones may pair, with a journal and bearing between 
or between the first and second, and third and I 
cranks ; or they may pair two and two, with a ci 
bearing between the second and third. Three-cylin 
motors — or those with six — have their cranks set a 
on the shaft, with a journal and its bearing be 
each. Two-cylindered motors, also, may have a coi 
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crank for both ; or have both in line with a central bear- 
ing, or have one up and one down at 180°. Some of 
these have a central bearing ; in others, the inner arm 
of one crank is extended to form the corresponding 
arm of the opposite crank. 

This construction is common in four-cylindered 
motors with the cylinders paired ; the central bearing 
thus being equal to a common end-bearing for each 
pair, which are thus paired ends and middles. Further- 
more, in some of these, such as the Napier and Thorny- 
croft petrol motors, these extended crank-arms and 
those to the central bearing are angled laterally to their 
pins and journals ; this being supposed to enable the 
shaft to bear the twisting strains better. Personally, I 
regard the system of a bearing between each crank as the 
best ; for beside being quite as compact, the thrust is 
taken up over so large a bearing area, that a lighter shaft 
may be used. In this connection, also, the idea has oc- 
curred to me, since the impulse (and, therefore, the thrust) 
usually begins at the forward end of the crank-shaft 
and ends at the after end (in the usual order in which 
the cycles are arranged in a multiple-cylindered motor), 
and this action is continuous, that the strains may 
possibly be cumulative to the after end. If so, would 
it not be well to increase the shaft diameter gradually 
towards that end ? The result may have arisen from 
other causes, but I have certainly noticed in several 
cases that the after-end bearings were much more worn 
than those in front. Lastly, in bicycle motors and 
those of the De Dion type, the shafting is composite, 4 
the crank-arras consisting of flywheels with removable , 
crank-pins between. This construction is certainl/J 
corapact, but entails more or less dismantling to j 
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at the connecting-rod brasses. Quite as good balance 
in any motor above bicycle size, and certainly greater 
accessibility, may be obtained, in my opinion, by simply 
balancing the crank-arms. 

The rough forging is machined on a lathe and the 
blocks cut out to form cranks; and a considerable 
degree of skill and experience is needed in the process 
to get the journals absolutely in line, the centres of the 
crank-pins in the correct angle with each other from the 
shaft centres, and at the same distance from them ; as 
well as to get the crank -arms in correct angle and 
balance, without increasing or decreasing the predeter- 
mined measurements or total weight The crank-arms 
form shoulders against the ends of the bearings practi- 
cally invariably. After the shaft has been thus machined, 
the keyways are cut for the half-time gear and the fly- 
wheel. If lubrication is to be effected through oil-leads, 
these are next bored out, an operation in which a slight 
error is sufficient to interrupt the centrifugal flow of the 
oil. These leads are drilled to meet each other from the 
ends of all parts of the crank-shaft ; the entrances thus 
made being afterwards plugged. The connecting-rods, 
which are generally steel drop-forgings, i.e. stampings, 
though castings are employed in some examples, are 
machined in a lathe; that is, they have their ends — 
usually stamped open in the middle — bored true to 
take the bearings for the gudgeon-pin at one end and 
the crank-pin at the other. The sides of the " big-end " 
are then drilled, lengthwise with the rod, to take the 
U-shaped strap (or the cotter pins), which unite the 
upper and lower halves, into which the " big-end " is 
then divided, transversely, so that the "brasses" or 




^^^•' 
*i^ 



MOTOR PARTS 187 

crank-pin bearings may be put in, and, obviously, so 
that the crank-pin may enter the big-end. 

If centrifugal lubrication be intended, the rod is then 
drilled lengthwise from end to end in a fairly wide oil- 
lead, and the gudgeon-pin, which has been machined in 
the lathe to fit, is also widely bored, both lengthwise 
and centrally, to meet the lead from the rod and convey 
the oil ultimately to the cylinder walls. Here we shall 
note that the " Wolverine " method of pinning it appears 
better than Hautier's, because the latter allows the pin 
to rotate, which, of course, would render centrifugal 
lubrication out of the question. Of the two methods 
above mentioned of uniting the shoe-ror lower half — 
of the big-end to the upper one, the strap, in my 
opinion, is the better ; for if the nut should by any 
chance work loose off one of its ends, it does not 
slacken, being held by the other nut, even if the first 
should actually drop off. Now a single cotter-pin would 
slacken the brasses at once if it loosened, and if it 
dropped out would be certain to be caught by the 
throw (which would probably miss a nut), and do all 
sorts of damage. In one example the shoe is formed 
into a head and neck on one side, which fits into a 
corresponding depression — also necked — on the upper 
half. But apart from the fact that the shoe' is thus 
fulcrummed on one end, and so pinches the brasses 
rather than holds them, together, suppose the cotter- 
pin nut loosens or drops off, what then ? Not only 
dropped brasses, but a dropped shoe, picked up by the 
throw the next instant and smashed through the crank- 
case ! And suppose the necks break, an entire new rod 
is required. Perhaps the best practice is to be found in 
the connecting-rods of that beautifully designed motor 
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the Weller; which, as regards construction, is one of 
the most original in existence. In this design the Ing- 
end of the rod is not halved at all, but formed open at 
one side into a transverse U shape, one side of wiiich 
forms the upper, and the other the lower, parts of the 
big-end, while its ends are bored 
to take a cotter-pin with a wedg- 
ing head. Thus the brasses and 
the crank-pin are slid in at the 
open side, and the former wedged 
evenly together by the cotter-pin 
as it is tightened by its nut It 
will be noted that all these de- 
tails emphasise the nebessiQr 
of an accessible freely opened 
crank-case. 

The cam-shafts are usually 
lengths of light steel diafting, 
and have their forward ends 
squared or keyed to take tlie 
half-time gears. The cams, 
which are machined to shape in 
a lathe, are then put on and 
30 firmly secured in position. In 
most cases cam-shaft and camfl^ 
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are formed 



forging or- 
casting and macliined to dia- 
meter and shape respectively. In motors with two cam- 
shafts the one on the inlet side usually carries the 
governor mounted in the half-time gear on its forward 
end. The other end of one of the cam-shafts frequently 
carries the gearing for the water-circulation pump, the 
position of which varies in difTerent examples. F0£ 
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instance, its gear is often mounted on a small lay-shaft 
and driven off the half-time gear, a gear on the other 
side behind the half-time gear gearing with the magneto. 
Gears are usually phosphor-bronze castings, and have 
their teeth cut in a special gear-cutting machine. In 
some recent examples they are formed of alternate 
layers of metal and vulcanite or hardened greenhide. 
A great deal depends on the shape of the teeth as to 
whether the gears absorb too much power or not. 
If epicycloidal, that is to say, with the sides of the teeth 
cut flat and making more or less of an angle with their 
faces, these faces will grind over the sides of the teeth 
of the other gear, and set up not friction, but "sticktion," 
and so waste power. If, on the contrary, the teeth are 
cut involute — that is, with the sides forming a double 
curve from the bottom of the grooves to the crown 
of faces — they will roll over the teeth of the other gear, 
which, of course, are similarly cut, in an easy motion 
without slipping or setting up vibration. Involute gears 
thus run less risk of being torn out under a sudden 
increase of load. Bevel gears should always be cut 
involute, also the change-speed spur gears, the teeth 
of which are also cut in the same way at their ends 
to facilitate engagement during rotation. 

Here I may state'my belief that the chainless bicycle 
failed to "take" in Uiis country, chiefly because the 
bevels, instead of involute, had epicycloidal teeth, which 
set up vibration. 

The valve-lifting spindles have practically been de- 
scribed in a former chapter. Sometimes, however, they j 
are halved, and united in a setting-sleeve tapped ■ 
a coarse quick-feed thread, so as to vary tlieir lift.* 

* CoUeiGAU fbrnu a 
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the Tony Huber engine the inlet-valve lifting spindles 
have disc cams at one end, which vary the lift of the 
valves when rotated. Decauville also varies the lift by 
raising or lowering the cam*shaft. In many of the 
most recent examples, the guides of these spindles, as 
well as the cam-shaft bearings, are not screwed on to or 
cast uniform with the crank-case, but held in a separate 
casing bolted to the latter outside. This construction 
has the advantage that the whole mechanism can be 
more easily removed or examined for repair. Valve- 
springs vary greatly, both in type and tension. Hitherto 
only round-sectioned springs have been used; but during 
the past few months spirals of flat steel — similar to 
a clock-spring, but spiral — have been fitted. In my 
opinion, these would not only keep their tension longer 
than the others for mechanical reasons, but having a 
greater radiating surface, would resist the temper- 
destroying heat longer. Springs for a.o. inlet valves 
are supposed to resist a pressure of two to eight ounces ; 
m.o. springs, especially for exhaust valves, are usually 
about six times as strong ; while lifting-rod springs 
usually are calculated to resist a pressure VBryrngf 
according to the example, from lo to 20 lbs. 

Referring now to the connections, we note that the 
induction pipe consists of an equally branched casting 
of copper or white metal — which must have easy bends 
that will not wire-draw the cylinders by any baffling of 
the mixture — connecting with the carburettor in a 
single trunk pipe. One or two makers, such as Mors» 
fit a separate pipe between each cylinder and the 
carburettor. These castings, after being cleaned and 
having their joint-faces milled or hand-filed to a true 
surface, are ready to be bolted to the cylinders 
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packing at each joint The exhaust pipes, usually 
formed likewise in one casting, are of iron ; and after 
being wound or packed with asbestos cord, are bolted 
to their cylinder-openings in the same way. The water- 
circulation pipes — the diameter of which should be fully 
large, almost equal to that of the induction pipes if 
the bulk be not inconvenient — are of brass or copper 
usually brazed into a trunk and branches, and flanged 
or threaded for unions at their ends for connection to 
the water-jacket openings. Spray carburettors, as will 
be gathered from previous chapters, are simple brass 
or bronze castings, in which all ducts and passages are 
bored from the solid, and fitted with threaded plugs for 
easy cleansing. After being lathed smooth, threads are 
cut or tapped in all parts where a joint is to be made, 
the ends of the solid projections being threaded to unite 
the chambers. The various parts are then assembled, 
the air-valve, if one be used, being ground to its already 
machine seating. Lugs are also cast, uniform with some 
portion of the carburettor for attachment to the motor 
frame ; and, in some cases, this attachment is made at 
the opening from the mixing chamber, which is accord- 
ingly flanged to make joint with the inlet passage of 
the motor. The construction of pumps is, of course, 
much on the same lines ; while that of coils, batteries, 
spark-plugs, and other accessories has already been 
generally detailed in previous chapters. Suffice it there- 
fore to say that coils are wound on their cores in a 
small spinning-lathe, each layer being heavily coated 
with paraffin or some of the heavier resinous gums, the 
ends of the windings being attached to brass terminals 
set in vulcanite plates. 
All parts are now ready to be assembled into ■ 
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in the erecting-shop, after which the motor is bolted to 
the testing block and run for short periods — ^varying 
from a few minutes to an hour or so at a time — for a 
day or two to free the working parts from any stifTness. 
When everything works freely, it is finally tested for 
its horse-power. If it fail to give the designed power 
against the brake — a simple band or belt-brake device 
connected to a spring balance — it is returned to the 
fitting-shop to have its defects remedied, and then re- 
tested until all is as it should be; compression tests 
with a special indicator being also made. It is then 
painted with black or aluminium paint of a rust-proof 
character, these colours being chosen because of their 
heat-radiating quality. The flywheel calls for but little 
description, further than to say that its weight depends 
upon the designed shaft-speed and power of the motor, 
and is determined according to certain fairly constant 
formulae. All the weight, however, should be in the 
rim, which is an iron or steel casting, either cast uniform 
with the web and hub, or attached to the hub — ^which is 
carefully bored to an exact fit to bring the flywheel 
directly vertical to the shaft — by steel arms. Some- 
times the flywheel carries the governor ; and in most 
cases it is coned on the other side to form the female 
member of the clutch. 

So far as constructional details are concerned, the 
manufacture of steam motors differs but little from that 
described in the foregoing pages. The cylinders are 
castings machined much in the same way, and on the 
same machine tools. Crank-cases also differ merely in 
pattern ; and, as has already been said, in many instances 
the only difference in appearance is that there are no 
water-jackets, their place being taken by packing spaces 
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which are jacketed with sheet-steel or hardwood. In 
the lighter engines — and, for that matter, on the heavier 
commercial vehicles in many examples — the cylinders 
are bolted to an open frame, holding the reciprocating 
parts and all shaft bearings, etc. Crank-case construc- 
tion is, however, the more general ; for, including as it 
does not only the crank-shaft, but all the reciprocating 
parts below the crosshead or the cylinders, it forms an 
oil-bath for these as well as a dust-proof casing. Steel 
or aluminium is the usual metal for the crank-case 
castings, iron for the cylinders ; and horns or attach- 
ment arms are cast uniform with the former, the 
situation and position of which — horizontal or vertical 
— being purely a matter of the design of the vehicle. 

We may, therefore, pass on to the construction of the 
transmission and chaage-speed gear mechanism of cars 
with internal- combust! on motors. These are essentially 
reducing gears, and are either mounted on shaf^ con- 
tained in a gear-box, or, as in the case of the Barber 
and other variable-feed speed-change gears, so con- 
structed as to vary the rate at which the driving-shaft 
rotates the driven one, it may be said, by the relation 
in which both are coupled to one another. Of course, 
the transmission is effected, and the mechanism extends, 
from the motor to the road-wheels, but in the former 
case its first stage lies between the motor and the 
change-speed gear-box ; the latter being the speed- 
reducing link between the motor and, the transmission- 
or driving-shaft. Now several things must be premised. 
First, that the shaft of even a low-speed internal-com- 
bustion motor — say, running at 800 r.p.m. or so — runs 
nearly four times faster than it would be safe to allow 
the wheels of its car to run, even with direct drive to 
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the rear axle, which represents top speed. Secondly, 
if the motor-speed were reduced, so would its horse- 
power be, in direct ratio. Hence we note that a certain 
motor gives, let us say, 20 brake h.p. at 800 shaft r.p.m.; 
whereas below that rate — ^though this is reduced by 
throttling and otherwise as a more convenient method 
than reducing the car-speed by shifting the gears — it 
is no longer a 20 //./. motor for the time being. With 
steam, on the contrary, we have our 20 h.p. available at 
the slowest speed, and no more at the highest We 
thus need no speed-reducing gear, as we change speed 
or reverse by valve-action alone. Nor should we need 
it with an electric motor, were it not that the torque 
which gives us our power runs at the slowest twice as 
last as we desire to go. 

But as we cannot, for obviou» reasons, use our top 
speed only, we must have three or four further mechan- 
ical reductions. Thirdly, we must start our motor at 
something very near its normal r.p.m., before we can 
begin our speed-reduction either by throttling or any 
other way. Again, we cannot start it at all if it be 
coupled to its load, as we cannot then turn the crank- 
shaft. Even if we could do so, it would probably refuse 
to take that load, not being an industrial gas-engine 
with a flywheel weighing half a ton or more. And even 
supposing this were not so, even with the lowest g^r, 
the first speed, in mesh, it would be highly inconvenient 
to take a flying leap at the car to board it at all. Thus 
we are bound, for all these reasons, to have a clutch 
between motor and reducing-gear, unless we have a 
variable-speed gear, giving zero, i,e. transmitting no 
motion. We also need the latter, not only to reduce 
speed on the level, but in order that, in hill climbing, 
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the load on the motor may practically be reduced to a 
third or a fourth, i.e. its driving eflect on the road- 
wheels, while maintaining its normal torque. Again, 
we must disengage the motor running downhill, so 
that it may cease to drive : otherwise it would prob- 
ably drag the car to destruction ; and the weight of 
the car, acting as a driving force on the road-wheels, 
would cause them to strain the motor in the attempt to 
overrun it And it would also be inconvenient to stop 
the motor at every momentary halt. Fourthly, we can- 
not, as yet, reverse an internal-combustion motor, albeit 
some two-stroke marine motors, when pushed above a 
certain speed, will reverse, to our annoyance, automati- 
cally; therefore our gear-box must include reversing 
mechanism. In point of fact, the law of the land pre- 
scribes this for all cars over 550 lbs. weight, and no 
harm would be done, 1 think, if the maximum were 
half that amount. 

Clutches all consist of a driving and a driven mem- 
ber, called male and female when the one is contained 
in the other, the latter usually being the driving mem- 
ber. We need not discuss the different makes or types 
of these : suffice it to say that they are all either friction 
clutches — by far the greater majority ; jaw clutches ; a 
few magnetic, such as the Jenatzy-Martini ; and I be- 
lieve one or two are hydraulic. Never having seen one 
of the last variety, I may be excused from attempting 
to describe it from mere hearsay. The first-named 
variety, friction clutches, are either coned clutches — the 
female on its inner and the male on its outer surface, 
which is either metallic or covered with some non- 
slipping material, such as leather or fibre — or expand- 
ing clutches, the male member expanding within the 
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periphery of the other. Coned clutches vary greatly 
in construction in different examples : sometimes the 
flywheel, as previously stated, is coned as the hollow or 
female member; and, again, either member may be 
bolted to the flywheel, the other, as may be expected, 
being the movable one, which is usually mounted on 
a sliding sleeve secured on the clutch-shaft, so that it 
rotates with it and normally held in engagement with 
the other by a powerful spring mounted on the sleeve. 
In the Panhard clutch, however, it is the male member 
which is the movable one, and is secured to the flywheel, 
its sleeve being free to rotate on the clutch-shaft ; while 
the female member is solid with the clutch-shaft, and 
situated between the flywheel and its male cone. 

In expanding clutches, as indicated by the name, the 
clutch-shaft member consists principally of a halved 
ring, which, on being expanded by the interior me- 
chanism — generally a system of levers on a sleeve 
keyed on the clutch-shaft — with which it is connected, 
grips the inner surface of the motor-shaft member, its 
expansion being thus effected by the sliding of the 
sleeve on the clutch -shaft. Jaw clutches are formed 
either as discs or sleeves oppositely mounted on the 
shaft ends, that on the motor-shaft being fixed, while 
the clutch-shaft member is free to slide longitudinally. 
Both have projections and recesses on their engaging 
faces, the one thus fitting into the other. But unless 
the recesses are fitted with buffers in some form or 
other, the shock of engagement strains the car and 
motor. Consequently, they are rarely used except for 
marine motors. As has been said, there are few 
magnetic clutches in existence ; in the Jenatzy-Martini, 
however, the motor flywheel is made with a recess in 
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the rim, in which is fitted a low-tension field winding. 
This is earthed to the wheel at one end, secured at the 
other to a contact ring mounted on the other side of the 
wHeel, and energised through brushes on the contact 
ring by a dynamo run from the motor. On the other 
side this coil is covered by a slotted ring — the pole- 
piece — and magnetises the disc-like clutch-shaft mem- 
ber and a freely rotating ring, which constitutes the 
armature of the magnetic device thus made. This 
armature is outside the disc, and as the magnetic lines 
of force which reach it are so numerous, on account of 
the diameter of the coil and magnet, despite the small 
amperage of the current, the disc is held in an extremely 
powerful magnetic grip, the force of which can be 
readily graduated as the disc and armature are moved 
to or from the flywheel by the sliding of the sleeve on 
which both are mounted. No shock is thus experienced 
in engaging the clutch. 



CHAPTER XI 

DESIGxX AND CONSTRUCTION OF GEARS, 
CAR FRAMES, AND STEERING DEVICES 

AS to the contents of the change-speed gear-box, we 
», already know, from the description of the half- 
time gearing, that when two gears on different shafts 
are in mesh with one another the gear with the most 
teeth, if the driven gear, will rotate the slower (as also 
of course its shaft), or as the driving gear, cause the 
other — the smaller one — to rotate the faster with its 
shaft again. And also, from the direction in which we 
saw the pump-gear revolve, that if two gears are meshed 
with one between them, both will rotate in the same 
direction. These facts govern the working of all 
change-speed and reversing devices operated with spur- 
gears. We therefore note that the gear-box — which is 
constructed, crank-case fashion, in halves, lengthwise, or 
in three castings, the top one forming the cover, all 
made and machined in the same way, with lugs or arms 
outside for frame attachment — carries bearings between 
these parts for three shafts, in most examples, as well 
as a bearing at the side through which the shaft of the 
actuating mechanism enters. These three shafts are (i) 
the first-motion or driving shaft, which is connected to 
the clutch -shaft, and for a direct through drive, (tf) 
through outside bevels to the counter'shafty which carries 

198 



GEARS, CAR FRAMES. ETC. 199 

brake-drums and chain sprockets, or {b) by a Jaw clutch 
to the universal-jointed tail-shaft driving bevels on the 
rear live axle. The jaw clutch is used for gear-box con- 
nections because it cannot slip, its typical engagement 
shock being slighter on account of its smaller size. (2) 
The second-motion or driven shaft. This may be either 
{a) a direct - transmission shaft, driving in turn the 
counter -shaft through bevels outside the gear-box, 
either on the top or the second and lower speeds 
(Panhard, Mors, Turcat-Mery, C.G.V., Ader, and 
others), or {b) an alternating shaft, transmitting the 
drive from and to independent gears on the first-motion 
shaft (Rochet, Renault, De Dion, Montauban-Mar- 
chandier, and still others). In the latter capacity, at 
certain speeds, usually the top one, it frequently rotates 
idly — 1>. without transmitting the drive — or not at all. 
(3) The lay shaft, which carries a gear or gears inter- 
posed at will between the two gears on the other shafts 
which give the lowest speed, or engaging through the 
second speed so as to drive the latter, in order to 
reverse the drive to the counter-shaft or tail-shaft. 

Now the gears mounted on these two first-named 
shafts are opposed in pairs to each other in various 
sizes, each pair representing a different speed. These 
sizes are regulated, so to speak, from the main or driv- 
ing shaft, smaller to larger respectively, up to the middle 
speed, as we may understand from the description of 
the half-time gearing, so as to rotate the driven second- 
motion shaft at a lower speed. From that point — or 
rather on either side of it, with four speeds — where 
their relative speed ratios are about equal, the sizes run 
larger to smaller respectively to the top speed, where 
the largest first-motton-shaft gear drives the smallest 
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second-motion-shaft one at the highest speed. Thus, 
if X and Y are the two shafts, with gears A, B, C, D, 
corresponding to E, F, G, H, in pairs, A to E, B to F, 
and so on, for the different speeds the line of increase 
and decrease occurs, theoretically ^ as shown at MN. 
But in practice, as will be readily understood, if this 
relative order of the pairings were maintained, no 
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change in speed would be effected, unless each pair 
were slid into mesh separately, or rotated freely on 
their shaft until held rigidly to it by an internal ex- 
panding clutch inside each. In the former case, which 
includes all speed-change gear devices of the Panhard 
type, we should require an impossibly lengthy gear- 
box, failing which, as will be seen, we could not get 
gear C past gear F, or D past G, in dropping from the 
third to the first speed, or from the top to the third. 
Still less could we drop from the top to the lowest 
speed. But this is exactly what the conditions of road- 
work demand. Consequently, the order of these pair- 
ings is arranged on the shafts AE, CG, BF, for a three- 
speed device, for instance, or AE, BF, DH, CG for four- 
speeds. However, when the drive is alternate, as from 
C to G, and thence from H to D, the latter being inde- 
pendent of C, the " theoretical " order can be main- 
tained in a three-speed gear. The above, however, 
which describes the order in the Panhard and Mercedes 
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systems, applies to the majority of others designed on 
Fanhard lines. 

The chief characteristic of all such, nevertheless, is 
that the gears on one or other of the shafts are slid into 
engagement to give the various speeds. Sometimes the 
gears are movable on both shafts, and where direct 
through-drive with an independently mounted top- 
speed is obtained, the first - motion - shaft gears are 
practically invariably slid, whether those on the other 
shaft are or not Either the shafts themselves are slid 
lengthwise, or are squared, slotted, or milled with solid 
keys, so that sleeves on which the gears are rigidly 
mounted may be slid by the forks of the actuating 
mechanism lengthwise along them. Now when the 
teeth of each pair of gears are normally fixed in line, 
this is where breakages occur in making the changes, 
which should be done, at whatever speed, with an even 
motion — "without brutality," as the official translator 
of a French firm recently put it — which is much easier 
to describe than accomplish. There must be no slam- 
ming or halting from one gear to another. This consti- 
tutes the objection to the Panhard type. However, in 
the Renault system the gears on the second-motion 
shaft are so mounted on their sleeve that when a change 
is made, they are automatically lifted out of mesh 
before being slid along, and then dropped into engage- 
ment. In the De Dion system all the gears are in 
perpetual mesh, with the exception of one in the 
middle of the first-motion set, which effects all the 
changes as it is moved by its sleeve, which moves rigid 
with the shaft. All rotate freely on their bearings 
except this gear and the second-speed gear on one side 
of it, the gears on the second<motion shaft being 
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mounted as toothed rings of diflerent sizes on a central 
common clutch-box, with expanding clutches beneath 
each ; the expansion of one, which is effected by a 
second lever in the actuating mechanism, contracting 
the other. 

Practically the same result is achieved by the Iden 
gear on the M.M.C. cars. In this design the first- 
motion gears are rigid with their shaft, and are in 
perpetual mesh with the second-motion set, which 
rotate freely on theirs. This latter, beyond the gears, 
carries a slotted sleeve, on which the driving-bevel 
of the counter-shaft is keyed. The second-motion shaft 
has also two sets of ridges formed upon it, one to 
engage the sleeve-slots just mentioned, and the other to 
engage keyways in the hubs of its respective gears. 
Therefore, as the shaft of this compact and simple gear 
is moved lengthwise backwards or forwards, it engs^[es 
the different gears rotating around it for the various 
speeds. Now the first-speed driving-gear on the first- 
motion shaft is considerably longer than the others, and 
always meshes with an additional gear on a lay shaft at 
its further end, which in turn meshes with the end free 
gear on the second-motion shaft Consequently the 
last-mentioned gear gives the reverse when the shaft 
projections engage with its hub. Another good per- 
petual mesh system is the Montauban-Marchandier, 
which is typical of several others. In this, as before, all 
the second-motion-shaft gears rotate freely, but between 
each two gears of this set are jaw-clutch sleeves, sliding 
on but rigid with the shaft, which, moved by forks 
actuated by a slot-cam outside, engage with correspond- 
ing clutch-members on the rotating free gears. One of 
these at the end always meshes with an intermediate gear 
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on a lay shaft — as in the Iden system — which again 
meshes with a small gear on the first-motion shaft. 
Thus when the first named is put in clutch the reverse 
is obtained. In a variation of this system, in which the 
first-motion shaft is bevel driven from the clutch-shaft, 
the former has two bevels, both free to rotate, which are 
jaw-clutched either way for ahead motion or reverse. 

For light cars various adaptations of the well-known 
epicyclic-train system are used. In one of these — the 
system is more or less the same for all in fundamental 
principle — the internally toothed ring of the epicyclic 
train is held in a band-brake clutch, thus causing the 
inter-gearing planets to drive the opposite shaft at a low 
speed — that of its "sun" — while for the higher speed 
the whole mechanism is rotated as one by a common 
clutch to both sides of the device. For the reverse a 
similar band-brake clutch holds the opposite side, and 
the driven shaft is thus rotated the other way. The 
Hautier change-speed gear is said to be a variation of 
the sun -and -planet system, in which the casing is held 
in a cone clutch, giving a variable degree of slip. 

Turning now to the variable-feed speed-gears, and 
to the fuller description of the Barber device, which was 
briefly mentioned with an outline of its working in 
a previous chapter. Referring back, then, the reader 
will recollect that the strap of the eccentric had pairs 
of link-arms, each pair uniting in a clutch-shoe which 
eng^ed with the inner face of either of the two hollow 
clutch discs. Now, as the eccentric rotates, and lifts its 
strap up and down — gyrating it, that is — the link-arms 
keep causing the shoe to move backwards, and, as it 
were, take a fresh foothold and tread the disc forwards. 
Obviously, the greater the eccentricity of the eccentric, 
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the longer will be the stroke of the link-arms and the 
"slouching" tread of the shoe, and the faster it will 
rotate the discs on their axes, supposing for the moment 
that both are rotatable. The arms, however, are secured 
to the strap at three equidistant points on either side 
of the eccentric, and unite each pair with its shoe, to 
correspond at three points in the disc circumference. 
But as different pairs of arms are united on either side 
of the eccentric, it follows that their shoes on one side 
are not opposite, but intermediate to those on the 
other. Yet we know the clutch disc on the driving- 
shaft side of the device does not rotate, but is fixed to 
the frame, the shaft rotating through its centre. There- 
fore the backward-moving, forward-treading action of 
its shoes makes the strap rotate on the eccentric as well 
as gyrate with it. This effect consequently doubles the 
stroke of the arms and shoes in the driven disc on the 
other side. 

How then, it will be asked, does the latter disc 
drive the second, or driven shaft, since it is not keyed 
to it, but is free to rotate on it at times ? The securing 
medium, then, is a very broad split-ring secured in its 
hub, and around the shaft, which grips the latter or not, 
according to whether it is opened or closed. Now this 
ring has a lug at each end where it is split, and into 
these lugs a small spindle is screwed with a right- and 
left-hand thread. Its rotation, therefore, opens or closes 
the ring to engage the disc with the shaft, or to free it 
So much, then, for the driving ahead. Now the little 
spindle carries a small spur-gear, or pinion, which meshes 
with a rack on a sleeve on the driven shaft, keyed upon 
it in the same way as that on the other shaft, and there- 
fore movable lengthwise as the pinion rotates on its 
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spindle. This sleeve, however, carries a larger spur- 
gear, which, when moved towards the disc by the sleeve, 
meshes with a smaller gear held down from the frame. 
And this smaller gear is constantly in mesh with an 
internally toothed ring formed on the back of the disc. 
Now when the little split-ring spindle is rotated by the 
minor lever which controls it towards the disc, it does 
two things at once, namely, opens the ring and frees 
the disc from the shaft, and rotates its little pinion, 
which slides the sleeve and its gear into engagement 
with the stationary pinion supported on the frame. 
Thus the free disc, still rotating as hard as ever, and 
also rotating this pinion — with which its toothed ring 
is perpetually meshed, as we have just seen — drives the 
driven shaft (through the spur-gear and sleeve) in the 
reverse way. Reversing the rotation of the little ring- 
spindle again of course reverses the whole process, 
slides the gear out of engagement, locks the disc to the 
driven shaft by closing the ring, and re-obtains the 
forward drive. But it will be seen, mechanically beauti- 
ful though the design is, that everything depends on 
the strength of the split-ring and the threads of its lugs 
and spindle, not so much during the reversing process — 
when, of course, the eccentric is lowered until it ceases 
to transmit motion — but during the drive. 

The design of the Ricci variable-feed speed-gear — 
which also gives zero to maximum — is entirely different, 
not only because all parts, which are simple in their 
construction, have much the same relative strength, but 
because it belongs to the comparatively small class of 
devices which convert reciprocating into rotary motion. 
Its gear-box — triangular in elevation — therefore con- 
tains four shafts : one at each angle and one in the 
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middle between and below the two at the lower angles 
These are the driving-shaft A, on which four cranks or 
eccentrics are mounted, each at 90' from the next; 
and the driven shaft B, which carries a long gear with 
large ratchet teeth engaging the pawls or tc^gles of 
four clutches, each of which has a connecting lug on 
the top. The middle or receiving shaft C acts as a 
pivot for four links — somewhat of the Stephenson shape 
— which are mounted with their convex sides facing 
the driving-shaft A. On this side each link has a lug 
near the bottom, pivoting it on its shaft C, and another 
near the top, for the connecting-rod to its crank on 
the driving-shaft. Each carries a gunmetal slide block 
in its slot, which is connected by another rod to one of 
the clutch lugs on the driven shaft, and by a vertical 
rod to an arm on the upper or rocking-shaft D. Out- 
side a toothed quadrant is mounted on D, engaging 
with a worm-gear on the controlling-rod. Consequently 
the links are connected on either side to A and B, and 
free to swing by their blocks to the arms on the rock- 
ing-shaft as they reciprocate. 

But as they are pivoted on the lower-seated C, so 
that the motion of their connecting-rods is directly in 
line when their blocks are at the top of their slots, it 
follows that, when the blocks are in that position, the 
maximum drive is being transmitted between A and 
B, which therefore rotate at the same rate. On the 
other hand, when the quadrant rocks the shaft D so 
as to lower its arms, and consequently lower the blocks, 
nearly to the bottom of the links, the minimum of motion 
will be transmitted between A and B. When the 
blocks are quite at the lowest point in the link slots^ 
zero, or no motion is obtained, intermediate positions in 
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these slots, of course, giving intermediate speeds. The 
German patent has been obtained for this device, which, 
as will therefore be seen, is entirely novel. There is 
also a reversing clutch on the driving - shaft, or the 
reverse can be obtained in the well-known manner with 
a rear bevel on the live-axle drive. The nature of the 
clutch also leaves the rear wheels free to coast down- 
hill, so there is never any risk of overrunning the motor. 
The Ricci two-speed gear for light cars — also patented 
in Germany — is a novel modification of the sun-and- 
planet system. In this the driving-shaft carries both 
the "suns" or central spur-gears, which are of differ- 
ent size, each meshing accordingly with different-sized 
" planets," or outer spur-gears. Each pair of planets is 
mounted on spindles in an internally toothed disc The 
larger disc— which contains the larger planets and the 
smaller sun — is free to rotate on the driving-shaft ; but 
the smaller one opposite is secured to the driven shaft. 
To give the two speeds one or other disc is gradually 
jammed c^ainst the casing by a ring surrounding the 
smaller disc This ring is threaded externally into the 
casing, and has teeth cut across its lower circumference, 
engaging with a worm-gear, which thus rotates the ring 
in or out in its threading against one or other of the 
discs. 

Before closing this chapter with a brief description of 
the nature and construction of the chassis or frame 
of the car, its brakes, its steering, and tyres, the 
principle of the differential gear may be explained. 
Now, when two wheels are set on the same axle, when 
a turning is made, unless Qiey are pivoted oo the axle 
— obviously out of the question with driving-wheel^ 
although there are two designs in existence in whiol 
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all four are driving-wheels — the inner wheel stops, and 
runs backward if it can as fast as the outer one runs 
forward. This it can always do on the axles of an 
ordinary carriage, because it is merely a roller. In an 
automobile, in which it converts, as a driving-wheel, the 
rotary counter-shaft motion into forward motion by its 
"sticktion" on the road surface, it ceases to run forward, 
but could not obviously run backwards in time with the 
outer wheel — as it is held by the driving-chain on its 
sprocket and that of the counter - shaft — unless the 
latter were so formed as to allow it to do so. There- 
fore it pivots, and skids sideways towards the plane of 
the outer wheel because of the centrifugal force thus 
called into play through the weight of the car. This 
special counter -shaft formation which prevents this 
pivoting and skidding is the differential. 

Now if a shaft be halved, and bevel-gears mounted 
on its contiguous ends, with other bevels mounted in 
spindles, interposed between the first pair and meshing 
with both, it follows that rotary motion will be trans- 
mitted round all four, either way, according (a) to the 
shaft which is being caused to rotate as the driving- 
shaft, and (J)) the direction of its rotation ; and all four 
bevels will rotate, and the other shaft be driven round 
in the opposite direction. Therefore, whichever shaft 
has the stronger rotating force exercised upon it will 
become the driving-shaft, and the rotary speed of the 
other will be just as fast in the opposite direction, thus 
compensating that of the first. This is the differential 
or compensating action which enables — as will shortly 
be seen — the inner driving-wheel to run backwards in 
making a turning. But if the spindles of the inter- 
mediate gears be caused to revolve — 1>. turn endwise 



GEARS, CAR FRAMES, ETC. 209 

over each other — instead of rotating axially or allowing 
their gears to rotate, it follows that none of the latter 
would rotate on each other, but that the whole four 
would rotate as one body, although leaving either shaft 
free to rotate, and taking up their previous motion, if 
any force be exercised on either shaft, as in the first 
instance. This, then, is the driving action, these 
spindles being mounted in a central casing halved as 
the ends of a halved sleeve round both shafts. 

These sleeves, then, being united in the differential 
casing, drive the shafting inside them as one, the 
driving bevel-gear from either the first- or second- 
motion shaft being mounted upon it as one sleeve, on 
either side of the differential casing accordingly. With 
direct drive, two such bevels are mounted on either side 
of the latter, facing each other (Mors), or the single 
bevel-wheel has two bevel faces (Ader), the casing also 
acting as a dust-proof oil-bath for the differential, and 
the sleeves being mounted in bearings. Similarly, the 
same result is achieved by mounting a spur-gear on one 
shaft as the sun, meshing with planets mounted in one 
half of the casing, these again meshing with an inter- 
nally toothed disc mounted on the other shaft by its 
sleeve, into which the end of the first shaft is projected. 
Over this disc the other half of the casing is united to 
the first half, on which is a bevel or sprocket. 

The ends of the shafts (a) have sprockets mounted 
on their ends, and are held in bearings on the frame, 
these sprockets carrying driving-chains to the road- 
wheels ; or (i) are mounted in the road-wheels direct, in 
which case a tail-shaft, held in bearings in a casing and 
sleeve round the differential casing and its sleeve, carries 
a bevel meshing with the driving-bevel on the differ- 
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ential. This is the live-axle system, in which the axles 
are halved, counter-shaft fashion, the outer sleeve, of 
course, forming a dust-proof casing rigidly secured to 
the rear springs from the frame. 

This system, as will be noted, is now being used for 
all but the heaviest cars, because {a) the drive is more 
direct and freer from excess slacking or back-lash, and 
{b) because the thrust or drive being betweett end- 
bearings, and more or less central — like that of a first- 
or second-motion shaft — less power is lost than in the 
case of the end-thrust of the sprockets outside the end- 
bearings. Sprockets or spur-gears, however, mounted 
between these bearings, lose less power than bevels; 
consequently one or two such sprockets are sometimes 
mounted on the differential sleeve of the live axle — ^thc 
outer sleeve forming a casing round them — ^in chain 
connection with sprockets on the second-motion shaft, 
the ends of which may be carried in bearings on the 
frame, in which case, of course, the gear-box bearings 
may be lighter. For this reason — to get rid of end- 
thrusts — many horizontal motors, such as the Duryea, 
James-and-Browne, and others are placed lengthwise 
in the frame, so as to bring the motor-shaft parallel to 
the counter shaft or live axle as well as the first- and 
second -motion shafts. This is also done in some 
vertical -cylindered motors, such as the Brooke and 
Motobloc ; but probably at some sacrifice of accessi- 
bility. Also, instead of bevels, worm-gearing is used 
for the live-axle drive on some cars, such as the 
Lanchester. This gives a remarkably silent drive, but it 
is considered to waste more power than bevels, althou^ 
less liable to tooth - breakage under sudden strains. 
The brake-drums are in all cases mounted on the 
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counter-shaft sleeve, or on the differential sleeve of the 
live axle at the ends close to the driving-wheel hubs ; 
and in all but the lightest cars on the latter as well, the 
braking mechanism being interconnected. 

We now come to the construction of the chassis, 
which owes more perhaps than any other part of the 
car to the lessons derived from road-racing. For it 
must be understood — since the object of designers is 
to reduce weight as far as possible, consistent with 
retaining a large safety margin, that road-racing, ever 
since its inception, has formed, and always will form, 
a kind of Admiralty test for the strength of the design. 
Consequently in ten years the engine power of a car 
weighing one ton has been enabled to be increased 
thirty- and forty-fold, with a greater safety margin in the 
modern example. This chassis consists of a parallelo- 
gram frame — sometimes narrower in the front and rear 
than in the middle third — which is secured rigidly 
through its springs to both axles, and carries the 
motor, the transmission and change-speed gear, and 
the car-body. In many examples, however, the two 
former are carried in an under-frame, supported by the 
main frame, and occasionally removable, the car-body 
being secured flush to the latter, above. Occasionally 
the body is sprung independently of the frame — Jean- 
taud introduced this system — as in the Jeantaud, 
Lepape, Crestmobile, and Lanty-Hommen cars. 

Constnictionally, frames are made of (a) lengths of 
channel steel, of C shaped sectioi 

of their ends and cross-pieces with str 

or braces, the side-pieces frequently being slo 
take the ends and cross-pieces as well, the horns i 
dumb-irons being bolted to the s 
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described, but armoured internally with ash, which 
greatly increases the strength and elasticity of the 
construction with ver\* little weight (r) Built of ash, 
armoured on both sides with steel flitches or fish-plates, 
with channel steel ends or cross-pieces, this construction 
enabling the side-pieces to be thickened vertically down- 
wards in the middle, thus greatly increasing the strength; 
{dj made of lengths of tubing, threaded into joints which 
also make joint with cross-pieces and stays, sometimes 
— as in the Humber frame — stayed lengthwise and 
vertically, cantilever fashion, to a tubular under-frame ; 
{e) as just described, but filled with ash ; and {f) with 
side-pieces of pressed steel formed in dies, of E or even 
a square C section ; deep in the middle with lugs to 
take the counter-shaft bearings, and tapered to the 
ends from these, with ends, cross-pieces, and under- 
frames made in the same way, but forming their own 
angle-pieces for union with the sides. 

These are generally known as Arbd frames, from 
the name of their inventor, M. Arbd, of DouaL 
Obviously since dies are used, standardisation to two, 
or at most three sizes is imperative, on account of the 
size and cost of the dies. Sometimes the side member s 
are wood-armoured inside, though this is scarcely neces- 
sary. The end-pieces are mostly broader and shallower, 
while the shape and number of the cross-pieces of 
course varies according to the design. In the DecaiH 
ville chassis the side-pieces forward are extended dowiH 
wards in one piece to form a bath -like, dust-piodf 
under-frame for the motor, which greatly increases ^l3b% 
strength. Lastly, we have the recently introd u ced 
jointless one-piece pressed steel frames, perhaps tbt 
strongest and lightest of all, made as indicated, bal: ' 
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pressed downwards — " from the flat," so to speak — into 
an inverted fl section : flat on the top, deepened in the 
middle, and tapering from that point to the ends. In 
both these types the dumb-irons are formed in one with 
the side members. 

The steering-axles of the front wheels are pivoted to 
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the fore-body axle, according to the Jeantaiid modifi- 
cation of the system invented by Lenkensperger or 
Ackermann in 1818 ; but this is done in several wayfc 
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body of the D. This, because the lateral strain — 
thrust — is taken centrally between the bearing points of 
the D. With the mere vertical or inverted pins uniting 
the ends of both axles (Lemoine and some others), let 
the supports or bearings for the pin in each be never 
so long, all the lateral thrust is in those bearings, and 
the breaking-point just between them, the thrust, in my 
opinion, having a twisting tendency which increases the 
risk of fracture, more especially when the bell-crank 
lever forms part of the pin. Axles are soft steel or 
iron, or nickel-steel forgings. 

Much need not be said in regard to the bronze axle- 
boxes, as their construction is too old and well known. 
Sometimes roller bearings — in which the axle rotates 
in a cage-bearing on the faces of rollers which enter 
between the bars — are used, and unquestionably reduce 
friction. Yet ball-bearings, in my opinion, are the worst 
and most dangerous possible for wheel-axles ; for although 
they may reduce friction to a tenth, as is claimed, they 
only do so because they decrease the bearing surface 
to about a twentieth or so. The thrust is there just the 
same, undiminished in weight Consequently, as the 
nature of the material of the axle-journal can only be 
slightly varied, comparatively speaking, by case-harden- 
ing, it is rapidly cut into a groove and weakened, as 
its thrust is taken on one-twentieth or so of the area. 
Nor can the balls stand the strain, being always liable 
to break and seize the axle-journal. Ball-bearings— 
which have been tried on the railways and condemned 
a generation ago on these accounts — may be all very 
well for plane surfaces gyrating on one another, but not 
for rotating cylindrical ones. 
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The steering mechanism of automobiles consists of 
(i) short horizontal arms, either rigid with the pins of 
the steering -axles or with the axles themselves, each 
forming a kind of bell-crank with its axle of equal angle 
to the angle thus formed on the other. These arms 
are always on the same side of the axles, in front or 
behind, but in all cases are connected in a free joint, by 
a rod of such a length that (a) their axles are rendered 
parallel or in line with one another at all times, and 
(i) that they shall always be either parallel or converge, 
so that if extended rearward their converging point 
would always be on a line parallel to the rear axle of 
the car. All this, combined with the differential action, 
approximately, makes the four wheels rotate in a 
common axis in the centre of the rear axle, and gives a 
turning angle of 30° to about 44°. Sometimes, instead 
of one distance rod there are two of equal length ; 
indeed, several more pairs exist in some designs. These 
pairs, of course, are united in a common arm, the 
other end of which is fixed at a point, or in an equal 
armed bell-crank, similarly pivoted. These various 
systems, however, need not be detailed. 

Rigid with these axle-arms, either in line or at a 
convenient angle with one of them, is the second part of 
the mechanism, (2) an arm forming a bell-crank with the 
axle-arm, either at the same end or the other end of 
the coupling-pin, or rigid with the axle-arm o« the axle ^ 
to form a bell-crank. To this is hinged (3) a bcIl-crank j 
tie-rod, the steering-rod, which is attached at its ott 
end, usually in a ball-joint on one end of (4) the stec 
ii^-arm. This lever is rigid with a toothed j 
engaging with a worm on (5) the stecf^ 
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carries the wheel, or as part of any other device, which 
when actuated by the steering- shaft will cause it to 
move to and fro, pull or push the steering-rod, and thus 
move the bell-crank and axle-arm one way or the other. 
But though this is the typical system, any device which 
will impart the necessary to or fro movement to the steer- 
ing-axle is sufficient, so long as it is sufficiently sensitive 
to movement from the steering-shaft to the steering- 
axle, but not in the reverse way. Nevertheless, while its 
action must be irreversible so that the driver may for 
the moment release his grip of the steering-wheel, it 
must have a certain amount of elasticity lest some 
obstacle or hole in the road may smash the steering- 
gear, or axle, or road wheel owing to the deadness of 
the mechanism. Thus worm-gear and quadrant devices, 
feed-screws, and so forth, though in place on the steer- 
ing-shaft, are too irreversible at the other end of the 
system. Still, if anything, they are not sensitive enough. 
In one system (Malicet-Blin's) double rollers on the head 
of the steering-arm engage with a disc cam on the end 
of the steering-shaft, so that the slightest rotation of 
the cam by the shaft will move the arm with greater 
elasticity and yet no back-lash. 

A word as to tyres. The reader must not be misled 
by statistics and percentages, or even experiences quoted 
in controversial argument in " letters to the editor." It 
is true that the average of pneumatic tyre failure has 
been shown on paper to be some 30 %, thus making out 
the car thus tyred to be like a horse which casts a shoe 
every other day. But this is because some people's luck 
is so bad that their failures bring this average percentage 
up with a rush. Putting the experience of these un- 
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fortunates apart, the failure percentage is not, in my 
experience, greater than 10% or 15% for mere temporary 
failure, nor for total failure more than perhaps S %. My 
friends and I may have been lucky, but I think not 
Some tyres, equally good on the same car, have the knack 
of " finding it," whilst others on the other wheels will 
happen to run hundreds of miles without even a punc- 
ture. There is no such thing as a really "unpuncturable" 
pneumatic tyre, but I really believe that the next thing 
to it is a properly shaped leather outer cover, not 
strapped on, as straps rot, and the holes tear in con- 
tinuous wet weather, but lapped in under the rim like 
an ordinary cover. They do not creep, as might be 
expected, for if the tyre be properly inflated, i.e. almost 
wood-hard, they are held too tight to creep. They 
resist nails and thorns and small fragments of broken 
glass — these are practically all the causes of woe in road 
travel. Failing these, I recommend tyres that when 
punctured do not collapse, or solids on the rear wheels 
with a heavy touring car ; as the latter, of course, though 
costly and slowing, wear for a long time and cause no 
anxiety, while the former certainly enable one to get 
home, if also somewhat slow. On the other hand, the 
leather band undoubtedly does reduce the cost of main- 
tenance, so far as there has been time to judge of its 
merits, to very nearly a halfpenny per mile instead of 
the quoted average two-pence; though ^^in, with good 
pneumatics and an ordinarily good make of cover, and 
average good luck, a penny is nearer the mark. Not all 
canvas-lined covers are good, but some are excellent, 
and almost non-puncturable. The nearest thing to a 
puncture-proof tyre I have seen was one in which the 
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wheel-rim completely surrounded the tubular part, 
leaving only the solid tread exposed. As to pneu- 
matics, my advice is, read the advertisements, cut them 
out carefully — then roll them up, put them in a hat, 
and draw the lucky one. They are nearly all good of 
their kind, and much more reliable than is generally 
thought. Nunc est "* bibendumy 
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A Colonial Edition iff also published. 
A BOOK OF THE RHINE : From Oeve 

to Mainz. Illustrated. Second Edition, 

Crown Zvo, 6s, 
A Colonial Edition is aUo published. 
A BOOK OF THE PYRENEES. With 

94 fllnstrattons. Crown Zt'O. 6s. 
A Cohwial Edition is also published. 



A BOOK OF GHOSTS. With 8 lUiutra. 
tions by D. Murray Smith. Secmd Edi- 
tion, Cr, Zvo, 6s, 

OLD COUNTRY LIFE. With 67 Illustra. 
tions. Fifth Edition, Large Cr,%oo. 6s, 

A GARLAND OF COUNTRY SONG: 
English Folk Songs with their Traditional 
Melodies. Collected and arranged by S. 
Baring-Gould and H. F. Shcfpard. 
DetH* 4 to. 6s. 

SONGS OF THE WEST: Folk. Songs of 
Devon and ComwalL Collected from the 
Mouths of the People. By S. Barikg*Gould, 
M.A.,and H. Flbbtwood Sksppard, M.A. 
New and Revised Edition, under the musical 
editorship o^ Cecil J. Sharp, Principal of 
the Hampstead Conservatoire. Large Im- 
perial Zvo. KS. net, 

A BOOK OFInURSERY SONGS AND 
RHYMES. Edited bv S. Baring-Gould, 
and Illustrated by toe Birmigham Art 
School A New Edition, Long Cr, Zvo. 
or. 6d. net. 

STRANGE SURVIVALS AND SUPER- 
STITIONS. Third Edition. Cr. Zvo, 
2S. 6d. net. 

YORKSHIRE ODDITIES AND 
STRANGE EVENTS. New and Revised 
Edition, Cr. Zvo, 3X. 6d. net. 
See also Little Guides. 

Barker f Aldred P.). See Textbooks of 
Technology. 

Barlcer (B.), M.A. (Late) Fellow of Merton 
College, Oxford. THE POLITICAL 
THOUGHT OF PLATO AND ARIS- 
TOTLE. Demy Zvo. jos. 6d. net. 

Barnes (W. B.), D.D. See Churchman's 
Bible. 

Bamett (Mrs. P. A.). See Little Library. 

BaronfR. R.N.),M.A. FRENCH PROSE 
COMPOSITION. SecondEdition, Cr.Zvo, 
9s, 6d. KeVt ys. net 
See also Junior School Books. 

Barron (H. M.\ M.A., Wadham Colkaa, 
Oxford. TEXTS FOR SERMONS. WTth 
a Preface by Canon Scott Holland. 
Cr, Zvo, y. 6d, 

Bartbdoniew (J. O.X F.R. S. B. See C G. 
Robertson. 

Bastable (C P.), M.A. THE COM- 
MERCE OF NATIONS. Fomrtk Ed, 
Cr, Zvo, 9s, 6d, 

Bastlaa (H. CharHon). M.D., F.R.S. 
THE EVOLUTION OF LIFE. lUtu- 
trated. Demy Zvo. 7/. 6d, net, 

Batjon (Mrs. Strahan). A (X>NCISE 
HANDBOOKOFGAIU>RN FLOWIRS. 
Feap, Zvo, 31. 6d, 

Batten (LorimrW.X Ph.DM S.T.D. THB 
HEBREW PROPHET. CnSwa. u6AiM«. 

Bayiey (R. Child). THE COHPLKTB 
PHOrbGRAPHBR. With ovw iap 
Illustrations. Demy9vo. io».MiiA 1 

Beard (W. 8.). EASY XXXRCIS^BT 
ALGEBRA. Cr,9v0. iM,6d, 
Examination Scrkeand 




Mrssrs. Mrthuen's Catalogue 



^ ^. (P«torV THOUGHTS ON 

HUNTING. Kdliwl liy J. Otiio Packt, 

■ml lUiivlrNied liy <>. H. Jalland. Ste9nd 

KMUtm, lUmr Hfv. fi*. 
llMktov^ (WUItafli). S«e Uttlc Library. 
HMCklnff (N. C), M.A., Canon of Wm|. 

minilvr. S«« Library of Devotion. 
»Mrbl«(HaroM). MASTKR WORKERS. 

lllii«lralmi. /^#Mrr8cw. ^t.6d.met, 
llvtanim (Jacob). nlALOGUKS uN' THE 

SUPKRSKNKUAL LIKE. Edited by 

HRRNAat) ll(ii.t.AND. /'<:«>. Brw. ys. 6d. 
ll«lloc (llUalr*), M.r. PARIS. ^w<r«M/ 

AV///M. With Main and lilustrationft. 

Cr. 8«#. 6i. 
M 1 LLS A N U TH E SEA. St€pmi Kdititm, 

Cr^nm Brv. 6r. 
ll«nol(H.H.U),M.A. TilElNNERAND 

MIDULE TEMPLE. With numcrout 

iniiHlriitifinv. Crtwn %V0, 6j. net 
HMin»tt(W. N.), M.A. A PRIMER OF 

THE illllLE. Third Kttithn, Cr. 9v0. 

DMiicti (W. H.) and Adcncv fW. P.). A 
HillLICAL INTRODUCTION. »wr/A 

Bmmii (Archblahop) GOD'S HOARD: 

Cdinmnnlon Addrejwr*. /•V*/. 8f»». 3*. M, 

n§t, 
Bmimii (A. CX M.A. .See Oxford Rio- 

imiihifi. _ 

IIMMHI (R. M.). THE WAY OF HOLI- 

NKSS: 11 Drvotlunal Commentary on the 

tigth pMiliit. rV. Brv. m. 
BMimnld!. R.). M.A.. Canon. of Salwbury. 

Till': ENGLISH SUNDAY. /Va/. Svw. 

HMiouch (lUroHM* dey. THE LIFE 
OF KATHKK KiNATIlTS. IIltutra^eiL 
Ofttty Km', lot. 6r/. ntt. 

Ilcriiaie (A. de). See Clntftici of Art. 

li«tlMin.l)dw«rdi (M.). HOME LIFE 
IN FRANCE. IlhiHtriitcd. Fourth and 
Chtm/*r Kdithn. CrmvnZvo. 6x. 
A C'llonial Kdiiion U aUu publi«)ie<1. 

Botkunc-IUiker (J. P.), M.A. .Sre Hand- 
Iwoki of Thmlo)! V. 

HIdM (M.). r«r«* llvantine Text^ 

BIcnCC.R.D.). D. D. SeeChiirvhmanS Bible. 

Blndlry (T. Harbert). B.D. THE OECU- 
MENICAL DOCUMENTS OF THE 
FAITH. With Intrmltictionji and Note^ 
SfC9md Edition, Cr. %vo. 6x. n//. 

Hlnn« (H. D.). THE LIFE OF WALT 
WHITMAN. Illufttratad. Demy 8cw. 
lot. 6d. mft. 
A Colrmial Edition In alM p«ib1tHhcd. 

Blqyon (Lawrrace). THE DEATH OF 
ADAM. AN D OTH ER I^OEMS. CV. 8v#. 

1*. 6d. Mtt. 

See alw W. BUkc. 
Blnutlnffl (BtlMl). See Little Book* on 

Art. 
BtackouwCl* (Barnard). Seel.P.I*. 
Blair (Robert). SeeLP.U 
Blaka (WUllamX THE LETTERS OF 
^UUIAM BLAKE, tocbtiixr with a 
^^I^^Kbv FaBoniCK Tatham. Edited 



from tha Origiiial 

lotroducuon aad Notes, fay AacMii 
B. RuuBLU IK'iih I a lUaM 
Dtmy te». 71. td. ntU 

1LLU!>TRATI0XS OF THE BOOK OF 
10a With a Ganeral Intzodncnoa bf 
Lawkbiics BimrOM. Qmmrtm. aiA maL 
See abo I.P.L. aad Littla tSSbnrf' 

uimwimimA (B.X M.A. See Lifarwy o 
Devotion. 

BloofB (J. Harrar). BLA. SHAKE- 
SPEARE'S GAR DEN. HlomMd. 
Fcm^ 8cw. V' ^* : ttmiher, ^r. 6JL met. 
See also Antiquary's Books 

Bloiiat(Nanri). Sec Beginner's Books. 

Boardman (T. H.X M.A. See Textbooks 
of Sdenoe. 

Bod]67(J.B.C.).Anlbarof'Fkance.' THE 
CORONATION OF EDWARD VIL 
Demy Bwu 21X. net. By COasBtaad of the 
King. 

Body (Qaorffc). D.D THE SOUL'S 
'XLGRIMAGE : 1 



PILGRIMAGE : Deimciooal 

from bis writings. Selected by J. H. Boan, 

P.D., F.R.S.E. Pott^vc as,6d. 
Bona (Cardinal). See Library ( 
Boon (P. C). See Cofomerdal : 
Borrow (Qoorgo). See Little Libnuj. 
Boa (J. RlUaoui). AGRKHTLTlhtAL 

ZOOLOGY. Transbted by J. R. Ann- 

worm Davis, M. A. With 155 Ilhistnttionb 

Cr. 8m. Third Edition, y. 6d. 
Bottlnff (C O.X aA. EASY GREEK 

EXERCISES. Cr. 8mi as. See also 

Junior Examination Series. 
BouiUn;; (W.) TASSO AND HIS TIMES. 

With 84 Illustrations. Demy9v0m ioe,6i. 

Met. 
Boulton (E. S.), M. A. GEOMETRY ON 

MODERN LINES. Cr.Sm, as. 

Boulton (WUilam B.). THOMAS 
GAINSBOROUGH With 40 lUattia. 
tiont. Second Ed. DemrBvo, ft, 6dm met. 

SIR JOSHUA REYNOLDS, P.RJL With 
49 Illustrations. Demyhno. js, 6d. met, 

BowdanfB. M.). THE IMITATION OF 
B U D i) H A : Being Quotations, frooi 
Buddhist lateratnre for ttch Day in the 
Year. Fi/ih Editiem, Cr. x6me, •& 6d, 

Boyd-Carpentor (Margarot). THE 
CHILD IN ART. Illustrated. Seeemd 
Edttion. Lmrge Cremm Bve, 6t, 

nlo(W.). CHRISTMAS AT THE 20a 
ith Verses by W. Bovlb aad 04 Goioaiod 
Pictures by H. B. Nkilson. Stijfer Regrml 
xtmo, ar. 

Brabant (P. Q.), M.A. See Uule Q^Sm. 

Bradley (A. a.V ROUNDABOUT WILT* 
SHIRE. With 2» lUustratkma of which 
14 are in colour by T.C.(«otcm. Cr, Boa 6i^ 

Bradloy (J. W.). See Little Books on Art. 

Braid (Jamoa) and Otbara. GREAT 
GOLFERS IN THE MAKINGw By 
Thirty- Four (tampions. Edited, with aa 
Introduction, by Huikt Lkacr. YTtSk 34 
Portraits. Demiy 8sw. 7/. 6d, mei, 
A Colonial Edition is dM poblidbad. 
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d (H. N-V MACEDONIA: 

ITS RACES AND ITS FUTURE. 

UlBRnled. Uimrtv*. i^6d.ntl. 
Bradrlck (Man) ud Mnrtun (AndenM). 

A CONCISE HANDBOOK OF EGVP. 

TIAN ARCHEOLOGY. Illiutntcd. Cr. 

tn>*. V 6J. 
Brook* ce. E.|, B.Sc S« Tutboeks of 

Breoki (eVw.V See Briuitiiic Tuls. 

Brown (P. n,\ LLD.. Fnxr Profeaor o( 
AodcnL (ScottMh) Hiiiory » the Usivcnily 
of Edirburah. SCOTLAND IN THE 
TIMEOF QUEEN MARY. Dim^tot. 
II. 6iL ml. 

Brawn (S. B.\ H.A., C^mb., B.A. B.Sc., 



REASURY OF SONG. 

Selfcud and Edited by, Fcmftnt. ji.6A 
tut. 5« »l« Ub™.ty of Divoiion. 
iBrnaml (Sir P. C). RECORDS AMD 
REMINISCENCES. Wiih ■ Ponnll br 






S'EJiHuw. 6f. 
luniil Edilloii Is lAto pobli 
u(RelMrt),TM£POEUSO 



FA H.A. 

TORY 1 

SCHOOLS. SkuuI £dilia%. 



• CANDIDATES. . 



CHRJ 



1 {P. WO. D.D.; Ffilow ud Vit.. 
:ftHl of Bmcnou CoHen, Oicfcrd. 
.ISTIAN THEOLOGY AND SO- 






Bniwne (Sir Ttiomai). S« SandxTd 

BrawM^' (C L.). THE HEART OF 
JAPAN, llluinwd. nird Edilitn. 
Cr.tua. 61.: MiiaDtmytiv. 6d. 

Rntwnlne (Robert). Sea Lilll' Libmy. 

Bnckluid (Fraocla T.X CURIOSITIES 
OF NATURAL HISTORY. Illuimicd 
b» H. R Nrilson. Cr. b™. v. td. 

Bncktra (A. M.) THE BURDEN OF 
E»GEUL:iB:iflad-Ep'u;. SccmiEdUUn. 
Cr. tvf. V. M. Hit. 

KINGS IN BABYLON. ADiama. Crruin 

EAGER HEART: A MyiluyPliy. El/I'i 

Sdilsn. Cr.iw. xi.nrL 
BudnfE. A. Wallls). THE GODS OF 
THE EGYPTIANS. Wiib am .00 
Colound Plut« lod many tllmtntions 

Buls»n(J?c'by),'D7D. Sec (fdurcLm^c'^ 






e Hudboolu 



a<k\\ Amy C\ 
SOLDIERS. 

BuUey (nllu\ Su Lady Dillc 
" ' —--' ■"\^ PlLGl 

bydH. FiJtTwI'ill.A 
iioi« by K. Anntng P- 

BurchtG. J.k M.A., F R 
OF ELECTRICAL S( 
mud. Cr. Biv. 

Bar«iM(r ' ' 
bE THI 

Bnrlu ~ 



BuUl ,_. 
Caldecott 

OlThBoioi*. 

Caidenrood (D. S.\ HndDuterof thcNor. 
mal Scbool, Edmbtiritb. TEST CARDS 
IN EUCLID AND ALGEBRA. Intbcc 
packcn of 40, with Aniveri. it. cacb. Or 
10 three Boolu, dHcc ad., td., and yl. 

CwiibrMae(Ada)[Mr*.CnMl. THIRTY 
YEARS IN AUSTRALIA. Dimf Is*. 
^s.td. 

Ciuiiilar (QeorKc). See Liole Uhtasj. 

Capey (E. F. H.). Sie Oiroid BiogTaF&ia. 

CudcMUakn). SkLP.L. 

Cutole muimaa). THE FRENCH 
REVOLUTION, Edited by C. R, L. 
Flktcuii, FellQw of Muilalea Colleic 
Oxford, T-AfliP-BZ-wj, rr.fcft iBi. 

THE LIFE AND LETTERS OF OLIVER 
CROMWELL. With an InlraductHn 
by C. H. FiKTH. M.A., and Notes uhI 
Aporndica by Mrs. S. C. LoHAs. TklV 

CarlylBfR. m.Biiil A. J.}, M.A. Sec Leaden 
LACEMAKINC IN •^WinOtAMtS', 




Messrs. Methuen's Catauxjue 



CbrtsttaD (P. W.X THE CAROLINE 
ISLANI^. With many 11lu><rali«is >nd 
Uapk. Dimyitt. ,ii.6d.Kil. 

" u>(a«rnX A.R.A., " "■ " '^"^ 

— eaCsin ■"- 



BIBLE FLOWERS. With ■ 

■nd PIuL Faf. tav. u. &/. mc 
Cowley <AlH«h<ni). 5u Little Libnir- 
Cowpar (WIIUUB). THE POEUS OF. 

Z&tri with in Inirodudlon snd Nous br 



AND IDEALS IN ART : Eight Lcctun 
dcUnrrd lo ibe Sludenu of IhE Royi 
Acudemy of *ri.. Wirh ,-, Ill.,«r.M„.. 
SteimdEdjHi 



ON>AI 



>AINT1NG. 

Stria. Wilh 19 lUucntioiu. : 
EJiliim, Larrt foil Eu. u. 6/f. lul 
Cl«tliBr(A. U). 



tt4t- Giudd, The Antiquuy't Booki, « 



A(a._). SecLhlleGu 
rtfW.T.). SeeJuD 



Caa (HaraU), B.A., M.P. 
NATIONALISATION AND 
TAXATION, Stetnd SJitin 



Ctoofb (W. T.]. See luuior School Books 
udT»lbaoksDrSi:i>iirc. 

■ ra(T. S.), M.D., F.R.S.E., Leciurer 



MIND. Wlh II 

EMtita. Dtmyty 
Cuwt (W. 0.}. B.... _ 

PAPERS IN VEKGIL 

CrtbCTA Su LiLlle Blue Booki. 

Cabb (W. FA M.A. THE BOOK OF 

PSAl.MS:withiCoiiuneoury. Dtmf^vt. 

Coleridge (Sl T.I. F 
■nd Amuf ed ^ Ai 

Couidswaai] <W. Q.), M.A. THE LIFE 
Of JOHN RUSKIN. With Portniu. 
Siith EiBUtn. Ct. tva. 21. 6J. Hit. 

Coniua [W. B.), M.A. S« Ctiunihmu's 



.1 SOMNIUM ESSE DOCET 
ATQUK OBITER PLURIMA SCITU 
SANE QUAM DIGNA COMMEMO- 
RAT. All edilionlimiled 10350 copi« on 

Coaba'(Wu£m)'. Sie'lp.u' '*■ " ' 
Cannd (JoMpbX THE MIRROR OF 

THE SEA: Memotiei and Imprcuioni. 

THirdF^Hn. Cr. Boo- &. 
Cft*lc(A.MAM.A..udMBrch«nl{C.E.>. 

K.k. PASSAGES FOR UNSEEN 

TRAKSIJ^TION. Selectnt from Gnek 



:rBlk(MrB.). See Liulc Ubruy. 
:rani!{Cipt C. P.). Sk Uuk Gnidet. 
:n^aw rRIchard). Sc* Link LihrMy. 
Crawford (F. a.). S« Miry C Daiuon. 
:rotM (T. R. N.], M.A. Sea Knplified 

rroncliT^i.15. 
:roM (J. A.l. M .\ THE F.MTH OF 

THE b;;'.li:. /«*. Sw. u. 6ii!.iw<. 

:rul1cshankr(3.l. THK LOVING BAL- 
LAD OF LORD li.\TEMAN. Wilh 11 
PUlei. Cr. tG>«. II. td. uMi. 
CanllffB (Sir F. H. E.), Fello* of All Souli' 
College. Oiford. THE HISTORY OF 
THif BOER WAR. Wiih imny IHui- 
traliom, Plani, and Pvlnhs. /■ I vU. 

Crnmp (B.). See Wagntr. 
CanrnKlumeCH. )i CB., See Connoiuenr'i 

Cntt<^'L.),D.D. See Leaden of Rencion. 
Danlen (Q. W.). M.A. Sae Laden of 

" 1 (Mary C.) and Crawford {P. Q.), 

HERE '" T'"' fiiTu D-.r 



FATHERS IN I 



D FAITH. Fcmt. 



THE PURGATORII 



Toynbee, Little Libtary, 



FOR UNSEEN 



Darley (aeont*)- See Little Lihranr. 
1 D'ArcyfR. F?), M.A. A NEW TRIG 
'. OMETRY FOR BEGINNERS. " 



-aylorCR. 

EM, Cr.\ 



THE FACTORY 

«.&/. 

1. THE PASSING OF THE 

A CHRISTMAS GREETING. Cr'.li. .1, 

Corkran (Alice). See Little Books on Aii. 

Cotoa (evcrard}. SIGNS AND POR. 

TENTS IN THE FAR EAST. Wiiha< 

IlluttrUiotu. Oimyiet, 7J. &<£ ~l. 

ry), "DANTE': 

Stand Edi 



Cvrfl). 

_Lrtii,B« 

■ey (Rlehai 

„ONi>ON , 

Colour by JdhkFulu 



R.I. iHTwm 

D»vi«~(H. V/rc.j; M.'A„'ifellowand Tutor 
ofBilliolCoUdgc, Author of 'Charlemarae.' 
ENGLAND TODER THE NORMANS 



and IlIiutrUBiu. Dtmr tav. 101. 6d. ntt. 
Dawson (Nclaon). SeeCannebtBiir'*LI)niy. 
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■as (Mn. N.]. S« Link Books on 

u (A. C.X Ses Liitla Libnir. 
-erlMiibcl). ACHILD'S LIFE OF 

JST. Wiih B " ■ 

. .6*. 
[Mbo>(LaOB|. THE UETRIC SYSTEM. 

DMMstlwau. AGAINST CONON AND 
CALLICLES. Edited by F. Dakwih 
Swirr, U.A. Third SOilint. Fcmf. 

Olckau (Ckutw). Sec Utile Ubiur, 

DIcfcliiMa (BBlly>. POEMS. Cr. Btw. 



Doiu (LMdvL BBiiH (HUM), uid n 

(MIm). WOMENi WORK. C 

Dillon (Bdmrd). SceCoonoiw 

ud tittle Booti or*" 
tMUbBcU (P. HA 

STORY C 



■ui(J.'n..T>-Sc,uidMmidtfU(y. AA 

GENERAL ELEMENTARY SCIENCX 

4 llluSnUOBi. SlcrmJ EdMt*. 



rnoButof^ AR£PORTON 
iDA. With u lolKidactaT Nnc 




o"ASi 



ENCLlliH VILLAGES, lllutnted. Sjtmd 
--- ■ . Cr. Sw. 3t.t-i.lL 



DoujElu (JanMi). THE MAN IN THE 
POLPIT. Cr. tan. u. SJ. «f. 

Dgwden (J.), D.D.. Lord Biihop of Edia- 
hucEh. Sec Cbuicbmui'i Lihtarr- 

Dnit« (O.). S« Boolu on Biuioiu. 

Drtvcr(S. R.).t).D.,D.C.L., (kun orCbriu 
Church. Recioi ProCeus of lltbRW in the 
Univtrsily of Oxford. SERMONS ON 
SUBJECTS CONNECTED WITH THE 
OLD TESTAMENT. Cr. Bon. tt. 
See mlio Weitmiiutti CoDunenuciH. 

I>ry<W>ktillBt}. See Little Guideu 

Dryhartt(A. K.). S« Utile Boolu on Art. 

Dnsirid (CluufM). SeeBookionUuiIneu. 

Dmmma (AlundH). MY HEUOIKS. 
Tiauktcd by £. ftf Waluir. With For. 
trwUt. In six Vthantt. Cr. tvt. 6>. ntk. 
V<daaKl. 



Wiib coloured Illnitmieu by F>uiK 

SoDTHaATE. Cr. int. U. 
WILD LIFE IN EAST ANGLIA. With 

i6 lUiumiigiii ia colour by Fkamk Sovtk- 

aATM, R.B.A. Stamd EJilitn. Dimr 

e». -It. id. Mt. 
SviOwLitUeGuldee. 
Bule(Jabii),BiihapofS<i1iibnrv, UICRO- 

C05MOGRAPHIE, on A TIECE OF 

THE WORLD DIECOVERED. Pnt 

J«CM<IorJ-E.X SeeW.B.Wood. 
__ Jl (Cleoeat^ M.P. RAILWAY 
NATIONALIZATION. Smtai Biiliom 



Bdwarda (W. Uod^u). Soe C 

E«a(PlwGa^ Seel.P.L. 
l3«i«a(H.BAM.A. A HISTORY OF 

British colonial policy. New 

and Cheipei loub .Onir So*. 71. 6^. ntt. 
. i--i.r:.i irj:.;_ ;. Jiopablillied. 



A ColooiAl Edilii 



BUaby (C. O.). 
eilwton(P.a. 



See Lii 



LiiopabluliH 



EUwDod (TIkhiu*}, the HISTORY OF 
THELIFEOF. Edited by CG.CKUM^ 
M.A. Cr.ta,. 61. 

eplctetlU. SeeAurelilu 

GnudiDi. A Book called in Luin EN- 
CHIRIDION MILITIS CHRISTIANI. 
nod in EAgliih the Manual of the fTtri*ti«» 
Koiibt 

FrDm the editioti printed by Wynken de 
Woidc, ijii. fern*. tlM. V. td. mtt. 

FalrbrMbarW. H.t, M.A. THE PHILO- 
SOPHY OF T. H. GREEN. .Skm^ 
EJilUn. Cr.b-c v.6d. 

Purar (RMtuild). THE GARDEN OF 
ASIA. Siaitd EJiticn. Cr. Sh. b. 

PcalAIIaii). SOME BEAUTIES OF THE 
SEVENTEENTH CENTURY. With 
Bi lUouiatkinl. Stt^xd EJilirm. Dtmy 
Bh>. iit.6d.iut. 

FELISSA; OR, THE LIFE AND 
OPINIONS OF A KITTEN Or SKNTL 
UENT. With II Colouied Plato. Foil 

jB^'onBuHn 

A. Sujua 

FIllhH-B.}. See Little Guides 
Rrth (C. H.), M.A. CROMWELL'S 
ARMY: A Hulorv ot the Endiih Soldier 
during the Civil V/art, Ibe CaasBamaltli, 
and the Protecloiate. Cr. ttt. it. 
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Messrs. Methuen's Catalogue 



HsiMr (O. W.). M.A. ANNALS OF 
SHREWSBURY SCHOOL. Illustrated. 
Dgmy %P0, lor. 6d. , , 

Pltx(tora]d(Bdward). THERUBAiyAt 
OF OMAR KHAYYAM. Prioted from 
the Fifth and last Edition. With a Com- 
ncntarj by Mrs. Stephen Batson, and a 
Kocruphy of Omar by E. D.^ Ross. Cr. 
8s#. ts. See also Miniature Libraiy. 

PltiO0ndd(H. P.V A CONCISE HAND- 
BOOK OF CLIMBERS, TWINERS. 
AND WALL SHRUBS. Illustrated. 

R Ulwill ck (S. A. C). See Andent Cities. 

PtodcarCW. H.X M.A.,D.aL., Headmaster 
of the Dean Close School, Cheltenham. 
THE STUDENTS PRAYER BOOK. 
The Text of Mokning and Evening 
Peatkr and Litany. With an Introduc* 
tko and Notes. Cr. 8tw. sx. td. 

Plu(A. W.XIm.A., William Dow Professor 
of Political Economy in M'Gill University, 
MoBtraO. ECONOMIC PRINCIPLES. 
Demy 9vo, js, 6tL «//. 

FortMCoeCMrs. Q.). See Little Books on Art. 

Pruer (David). A MODERN CAM- 
PAIGN; OR, WAR AND WIRELESS 
TELEGRAPHY IN THE FAR EAST. 
Illostrated. Cr, 890. fir. 
A Colonial Edition is altio published. 

Pnwer (J. P.V. ROUND THE WORLD 
ON A WHEEL. With xoo Illustrations. 
Ftmrtk Edition Cr, 8tw. fa. 

Praoch (W.)« M.A. See Textbooks of 
Science. 

Praadeoireich (Bd. von). DAIRY BAC- 
TERIOLOGY. A Short Manual for the 
Use of Students. Translated by J. R. 
AiNSWOKTH Davis, M.A. Stcond Edttion, 
Rtmsed, Cr, 8tw. 3j. 6</. 

Pidford (H. W.), M.A. See Churchman's 
Bible. 

OallAlicr (p.)aDd Stead (D. W.). THE 
COMPLETE RUGBY FOOTBALLER, 
ON THE NEW ZEALAND SYSTEM. 
With an Account of the Tour of the New 
Zeidanders in England. With 31; Illustra- 
tions. Second Edition, DemyZvo. xos.Sd, 

aaUictaan (W. M.). See Little Guides. 

OanlwdoCaeoffray. Esq.). See I.P.L. 

Oaakell (Mrs.). See Little Library and 
Standard Library. 

Qaaqnat, the Right Rev. Abbot, O.S.B. See 
Antiquary's Books. 

Oeorsc(H. B.), M.A., Fellow ofNew College, 
Oxford. BATTLES OF ENGUSH HIS- 
TORY. With numerous Plans. Fourth 
Edition. Revised, with a new Chapter 
indnding the South African War. Cr, Sve, 
»6d, 

A HISTORICAL GEOGRAPHY OF THE 
BRITISH EMPIRE. Stcond Edition, 
Cr. 8cw. v. 6d. 

OlbUaafH. da B.), Litt.D., M.A. IN. 
DUSTRY IN ENGLAND : HISTORL 
CAL OUTLINES. With 5 Maps. Fonrik 
Edition. Demy 8tv. xo*. 6dL 




THE INDUSTRIAL HISTOltY OF 

ENGLAND. Twef^SdiHem. Revised. 

With Maps «id nans. Cr, Sew. 3J; 
ENGLISH SOCIAL REFORMERS. 

Second Edition. Cr.dve. m.UL 
See also CoauDerdal Seriaa and R, A. 

Hadfield. 
OlblMMi(B4ward). THSDBCUNXAND 

FALL OF THE ROMAN EMPIRE. 

Maps. 

PfO- 

Seven 
yoinme*, Demytvo. Giitte^,Be.6d.emek. 
Alto, Cr. 8ev. 6r. emck, 
MEMOIRS OF MY LIFE AND WRIT. 
INGS. Edited by G. BntKBKK Hill, 
LL.D Cr. Sew. 6ff. ^ 
See also Standard Library. 

Qlbaoo (B. C S.\ D.D., Lord Bbhop, of 

Gloucester. See westminstO' Coounentatie^, 
Handbooks of Thedc^y, and Oxford Bio- 
graphies. 
aiIbart(A. R.). See Little Books 00 Art 

Qloaff (M. R.) and Wjratt (Kste M.> A 

BOOK OF ENGLISH GARDENS. 

With 24 Illustrations in Coloar. Dem^ 

8tw. xof. 6d. net, 
Qodfray (BHsabath). A BOOK OF RE- 

MEMBRANCE. Edited by. Fcei^ Iwl 

s«. 6d. net. 
Qodl^(A. D.X M.A., Fellow of MMBdaleo 

College, Oxford. LYRA FRIVOLA. 

TAird Edition. Fa^,Boo, 9t.6d, 
VERSES TO ORD^. Seeomd EdUien. 

Femp. 8ev. sr. td, 
SECOND STRINGS. Fem^ Bowl ax. 6d. 

Ooldamltb (OUvar). THE VICAR OF 
WAKEFIELD. Femf. yuno. With 10 
Plates in PhotMpravure by TooyJohaanoL 
Lenther, at, 6d, net. 
See also I.P.L. and Standard Libnury. 

Ooodrlch-Praer (A.). IN A SYRIAN 
SADDLE. Dtmy boo. nt. 6d net, 
A Colonial Edition is auo pablished. 

Oorat (Rt Hon. Sir John). THE CHIL- 
DREN OF THE NATION. Steond 
Edition, Demy Bve. jt, 6d. met 

Ooodge (H. L.X M.A., Principal of Wells 
Theological College. See Westminster Com- 
mentaries. 

Orahan (P. Anderaon). THE RURAL 
EXODUS. Cr. Bvo. 3X. 6d. 

Oraaffer (P. S.X M.A., Litt.D. PSYCH- 

OLDGY. Third Edition. Cr, boo, Qt. 6d. 

THE SOULOF A CHRISTIAN. Cr,Zpo. 6t. 

On|v(B. M*QaeaB>. GERMAN PASSAGES 
FOR UNSEEN^TRANSLATION. Cr. 
boo. 8f . td, 

Qrav(P. L.), B.Sc THE PRINaPLES OF 
MAGNETISM AND ELECTRICITY: 
an Elementary Text-Book. With x8i 
Diagrams. Cr, boo, yt, 6d, 

Oreen (O. Bacldaod)^ BC.A., late Fellow 
of St. John's CoUege, Oxon. NOTES ON 
GREEK AND LATIN SYNTAX. Cr, 
Zvo. 3f . M, 
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B* T.X M.A See Churchman's 

ra{A. H.J.),M.A. A HISTORY 
JME: From i33-xo4 B.C. Demy 
or. td, tut, 
11 (Doral See Miniature Library. 

(R. A,% THE VAULT OF 
EN. A Popular Introduction to 
>my. Illustrated. Cr. Sr^. as. 6d. 

(Miss e. C). See Library of 
m. 

UC.)* See Textbooks of Techtiology. 
(Lofilsa 10. HURRELL 
DB: Memoranda and Comments, 
ted. Demy Biw. xos. 6d. net. 
M. L.). A BIRTHDAY BOOK, 
id cheapc" issue. Royal ^vo. ks. net, 
(Jobnl B.D. A HISTORY OF 

ORTHODOX CHURCH OF 
JS. With Maps and lUtistrations. 
tcv. X5S. net 

(A. C.), ScD., F.R.S. HEAD- 
ERS BLACK, WHITE, AND 
N. With many Illustrations and a 
Demy Zvo. x cr. 

(R. A.) and Olbbins (H. de B.). 
DRTER WORKING DAY. Cr. 

NO and Neat (W. Q.). THE 

CNT RUINS OF RHODESIA, 
ted. Second Edition^ revised. 
(cw. lor. td. net. 

. N.). GREAT ZIMBABWE, 
lumerons Plans and Illustrations. 
Edition, Royal Bifo. los. 6d. net. 
1 (P. J.), D. D. See Byzantine Texts. 
Id fJ. L). CHARLES JAMES 
Demy Sow. xos. td, 
(D.). A SHORT HISTORY OF 
lOYAL NAVY, Illustrated. Two 
Up DemyZvo. 7s.6d.eacA, Vol.1. 

James O.X M.A. THE SPIRIT 
ORIGIN OF CHRISTIAN 

STICISM. Cr.igw. 6s. 

SDOM OF THE DESERT. Fca/. 

t, 6d. net. 

ImHii). See Connoisseur's Library. 
T.X M.A. THE CONSTRUC- 

DF LARGE INDUCTION COILS. 

jmerous Diagrams. Demy 8cw. 6s. 

I (aifford). READING AND 

ERS. Feu*. %vo. 2s. 6d. 

AllnedX M.B. See Ancient Cities. 

1ie(Natta«llScl). See Little Library. 

I, WEALTH AND WISDOM. 

. ts, net, 

tmak R*X See Little Guides. 

ladlorX See Connoisseur's Library. 

racatX STUDIES IN SAINT- 
Translated from the French by 

Crawford. Fcap 8cv. 3^. 6d. 

m (B. WO, Fellow of Exeter 

. Oxford. THE LIFE AND 

:IPATE OF THE EMPEROR 

; Illustrated. New and ekeesptr 

Demy 9oo. is. 6d. net. 

SRVALS. Fcap Zvo. 7s. 6d. net. 



Henderson (T. P.). See Little Library mad 
Oxford Biographies. 

Henley (W. i.). ENGLISH LYRICS. 
Second Edition. Cr. UfO, 2s. 6d. mi. 

Henley (W.BOandWhlbleyCC) A BOOK 
OF ENGLISH PROSE. Cr. 8fw. as.6d. 
net. 

Hensoii(H. H.), B.D.. Canon of Westminster. 
APOSTOLICCHRISTIANITY : As lUus- 
trated by the Epistles of St. Paul to the 
Ccninthians. Cr. Hfo. dr. 

LIGHT AND LEAVEN : Historical and 
Social Sermons. Cr. Zvo. 6s. 

Herbert (Qeor^). See Library of Devotion. 

Herbert of Cberbury (Lord). See Minia- 
ture Library. 

Hewlns (W. A. SA B.A. ENGLISH 
TRADE AND FINANCE IN THE 
SEVENTEENTH CENTURY. Cr, 8cw. 

Hewitt (Btbel MO A GOLDEN DIAL. 

A Day Book of Prose and Verse. Fcet^. 

800. 9s, 6d. net. 
Heywood (WA PALIO AND PONTE : 

A Book of Tuscan Games. Illustrated. 

Royal dvo. »is. net.^ 
See also St. Fraods of AssisL 
Hubert (T.). See Little Blue Books. 
Hill (Clare). See Textbooks of Technology. 
Hill (Henry), B.A., Headmaster of the Boy's 

Hwh School, Worcester, Cape Colony. A 

SOUTH AFRICAN ARITHMETIC. 

Cr, Bvo, xs, 6d. 
HlUeffas (Howard C). WITH THE 

BOER FORCES. With 2a lUu^trmtioas. 

Second Edition. Cr, Bcw. 6$, 
A Colonial Edition is also published. 
HlndCC LewlsX DAYS IN CORNWALL. 

With x6 Illustrations in Colour by Wiluam 

Pascor, and 90 Photographs. Cr. dvo. 6s. 
A Colonial Edition is also published. 
Hirst (P. W.) See Books on Business. 
Hoare(J. Douglas). ARCTTIC EXPLORA- 

TION. With x8 lUustrations and Maps. 

Demy Zvo^ "js. 6d. net. 
Hobboose (Emily). THE BRUNT OF 

THE WAR. With Map and lUustntioiis. 

Cr. Zoo. dr. 
Hobboose (L. T.J, Fellow of CCC, Oxford. 

THE THEORY OF KNOWLEDGE. 

Demyivo. xos, 6d.net. 
Hobsoii(J. A.), M.A. INTERNATIONAL 

TRADE : A Study of Eoooomic Prindpbs. 

Cr. 8vo. 2S. 6d. net. 
PROBLEMS OF POVERTY. SixUEdOion. 

Cr, Bvo. 9S. 6d. 
THE PROBLEM OF THE UNEM- 
PLOYED. TkirdEdiiien. Cr.%90. 9t.6d. 
Hodflldn (T.), D.C.L. See Leaden of 

HodfSonOVIrs. W.) HOW TO IDENTIFY 
OLD CHINESE PORCELAIN. Soeemd 
Edition, Postdmo, 6s, 

Hon Crboaias Jefferson). SHSLLBY 
AT OXFORD. With an latiodactwn 1^ 
R. A. Strbatfbildw Fa^ Im. as, mi, 

Holden-Stone (Q. de). See Books on 
Business. 
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HoUkh (Sir T. H\ K.CI.E. THE 

INDIAN BORDERLAND: bebg a 

Personal Record of Twentv Years. lUtw 

trated. 2>#M»y Sew. io<. 6d. tut, 
A Oolonial Edition is also published. 
Holdcworth (W. S.). M.A. A HISTORY 

OF ENGLISH LAW. In Two y0lmm4S. 

VM, I. Demy Zioo. lor. 6</. net* 
Hoibuid (Canon Scott). See Library of 

Devotion. 
Hon (Bmily). THE SECRET OF POPU- 

LAKITY: How to Achieve Social Stiocess. 

Cr, ^00. y, 6d, net 
A Colonial Edition is also pablished. 
Holyoiike(a.J.). THE CO-OPERATIYE 

MOYEMENT TO-DAY. Feur^EtUthn. 

Cr, 8v#. or. 6d, 
Hone(N«tluuiIel J.). See Antiquary's Books. 
Hoppnor. See Little Galleries and Little 

Books on Art. 
Horace. See Classical Translations. 
HorfbnrghCe. L. S.). M.A. WATERLOO : 

A Narrative and Criticism. With Plans. 

Sic^ndBditioHm Cn Bt», ks. 
See also Oxford Biographies. 
Hortfa (A. CX See Textbooks of Technology. 
HortoofR. P.XD.D. See Leaders of Religion. 
Hoolo(Alezjuider). MANCHURIA.^rith 

Illustratioas and a Mapw Stccnd EdiHpn, 

Demy tve,^ je. 6d, net, 
A Colonial Edition is also pablished. 
How (P. D.> SIX GREAT SCHOOL- 

MASTERS. With Portraits and Illustra. 

tioos. Seeend Edition, Demy %vo. is, 6d, 
HowoU (A. a. Ferrers). FRANCISCAN 

DAYS. Translated and arranged by. Cr. 

8cw. Tf. 6d, tut, 
HoweU (Q.y, TRADE UNIONISM— New 

AND OuD, Fourtk Edition, Cr. Bvc. 

t*.6d. 
Hudson (Robert). MEMORIALS OF A 

WARWICKSHIRE PARISH. Illustrated. 

DemySve, 251. m//. 
Hnnins (Sir Wllllani), K.CB., O.M.. 

D.C.L.. F.R.S. THE ROYAL SOCIETY ; 

ox, SCIXNCS IN THE StATB AND IN THB 

Schools. With 35 Illustrations. IVide 
Jfeynl 8cw. At, 6d, net. 

Hnrhes (C B.ji THE PRAISE OF 
SHAKESPEARE. An English Antho- 
logy. With a Preface by Sidnby Lsx. 
Demy hoe. xs. 6d. net. 

Hurtles (Tbonus). TOM BROWN'S 
SCHOOLDAYS. With an Introduction 
and Notes by Vcknon Rsndall. LeatAer, 
Reynl 32MM. ac. bd, net 

Hotdilnson (Hotmo Q.) THE NEW 
FOREST. Illustrated in colour with 
so Pietnres by Waltsx Tvndals and 4 
by Locv Kxmp-Wblch. A Chee^ Edi- 
Mm. Cr. 8rtf. 6t, 

Hotton (A, W.X M.A. See Leaders of 
Religion and Library of Devotion. 

Hotton OSdwmrd). THE CITIES OF 
UMBRIA. With aaany lUustratioiw, of 
«hichaoarebCok)or,byA.PiSA. Seemtd 
Editimi. CKttns. 6*. 

A Coloaml BdMon u also published. 



THE CITIES OF SPAIN. 

With many lUnstratioiis, of vriddi «« ere in 

Colour, by A. W. Rimivgton. Demy >*«• 

IS. 6d. net. 
A Colonial Edition b also pablished. 
FLORENCE AND NORTHERN TUS- 

CANY. With Coloured UlotnOioBS by 

WiLUAM PAEKINSOIf. ti, 

A Cokmial Edition b also poblidied. 
ENGLISH LOVE POEMS. Edited with 

an Introdoctioo. Fcei^, 8e». v* ^ <*'^ 
Htitton (R. H.). See Leaders of ReligioD. 
Hotton (W. V..1M. A. THE LIFE OF 
SIR THOMAS MORE. With Pbrtnits. 
Second Edition, Cr,h90, $*- 
See also Leaden of Religion. 

HyettfP. A.)i A SHORT HISTORY OF 
FLORENCE Demyhco, 7t,6d,net, 

Ibeea (Henrik). BRAND. A Drama. 
Translated by Wiluam Wilson. Tkird 
Edition, Cr, 8m. jt. (d, 

Inge (W. R.X M.A.. Felk>w and Tntor of 
Hertford College, Oxford. CHRISTIAN 
BfYSTICISM. The BampCoo Lectares for 
1809. Den^ Bvo, lar. od, not. See also 
Liocary of DevodoQ. 

lnnce(A.D.).M.A. A HISTORY OF THE 

BRITISH^N INDIA. With Mijps and 

Plans. Cr, boo, 6s, 
ENGLAND UNDER THE TUDORS. 

With Maps. Demf Boo. lOt. 6d. met, 
Jefkson (C. E.X B.A. See Teictboeks of 

Science. 
Jacluon(S.)LM.A. See Commesdal Serbs. 
Jackson (P. Hamilton). See Litde Geidcs. 
Jacob (P.), M.A. See Janiiw Ezaauaatioo 



James (W. K. N.\ A.R.C.S., A \E.£. See 
Textbooks of TechDok)gy. 

Jeans (J. Stephen). TRUSTS, POOLS, 
AND CORNERS. Cr, Boo, %s,6d 
See also Books on Business. 

Jefffre7s(D. Owyn). DOLLY'S THEATRL 
CALS. Described and Illostrated with »4 
Coloured Pictures. Super RoyeU ifSono, m,6d 

Jenks (E.X M.A., Reader of Law in the 
University of Oxford. ENGUSH LOCAL 
GOVERNMENT. Cr.Sei*. 9S,6d, 

Jenner (Mrs. H.). See Ltttb Books on ArL 

Jennings (Oecar). M.D., Member of the 
Biblioeraphical Society. EARLY WOOD- 
CUT INITIALS, fxmtaininfg over thirteen 
hundred Reproductions dT Pictorial Letters 
of the Fifteenth and Sixteen^ Ccntnries. 
Demy ^to, sir. tiet, 

Jeasopp (Anfostas), D.D. See Leaders of 

Religioa. 

Jevons (P. B.), M.A.. Litt.D., Priadsal of 
Bishop HatfiaU's Hall Darfaaa. RE- 
LIGION IN EVOLUTION. Cr, too. 
3«. 6d, net 

See also Chnrobnen's Lifaeary and Hand. 
books of Theology. 

Jolinaon(Mrs. Barham). WILUAM BOD- 
HAM DONNE AND HIS FRIENDS. 
nUistiaced. Demy Boo. ics,6d,mt. 



m 



rrrss 



General LirBRATURB 



tt 



Johnston (Sir H. HA K.CB. BRITISH 
CENTRAL AFRICA. Whfa nearly aoo 
I Ihsstradoos and Six Maps. Third Edition, 
Cr. 4<0. i8x. net, 
A Colonial BKiition b also published. 

Jones (R. Crompton), M.A. POEMS 
OF THE INNER LIFE. Selected by. 
ThxrUentk Edition, Fcaf, 9vo. v. ()d. net. 

Jones (H.). See Commercial Series. 

Jones <H. P.). See Textbooks of Science. 

JonosCL. A. AtherlarXK.C, M.P. THE 
MINERS' GUIDE TO THE COAL 
MINES REGULATION ACTS. Cr. %oo. 
3«. 6d. net. 

COMMERCE IN WAR. Royal^ifuo. ais.mt. 

Jonson (Ben). See Standard Library. 

Juliana (Lady) of Norwich. REVELA. 
TIONS OF DIVINE LOVE. Edited by 
Grace Warrack. Cr. 9vo, y. 6d, 

Jnvenal. See Classical Translations. 

'Kappa.' LET YOUTH BUT KNOW: 
A Plea for Reason in Education. Cr, Bvo, 
.V. 6d, net, 

Kaufmann (M.). S(X:iALISM AND 
MODERN THOUGHT. Second Edition. 
Cr. Qvo. 3X. 6d. net, 

Keatincrjj. P.), D.D. THE AGAPE AND 
THEEUCHARIST. Cr. Bvo. y.6d. 

Keats (John). THE POEMS OF. Edited 
with Introduction and Notes by E. de Selin* 
court, M.A. Demy boo. js. 6d. net. 

REALMS OF GOLD. Selections from the 
Works of. Fcap. Zvo. y. 6d, net. 

See also Little Library and Standard 
Library. 

Keble(John). THE CHRISTIAN YEAR. 
With an Introduction and Notes by W. Lock, 
D.D., Warden of Keble Collate. Illustrated 
by R. Anninc Bblu ThirdEditicn, Fcmp. 
8zw. 3X. td. ; fadded morocco t j^ 
See also Library of Devotion. 

Keiynack (T. N.X M.D., M.R.C.P., Hon. 
Secretary of the Society for the Study of 
Inebriety. THE DRINK PROBLEM 
IN ITS MEDICO -SOCIOLOGICAL 
ASPECT. Edited by. With a Diagrams. 
Demy Svo. js. 6d. net. 

KempU rrhomas k). THE IMITATION 
OF CHRIST. With an Introduction by 
Dean Fasrar. Illustrated by C M. Gere. 
Third Edition, Fca/.dvo. ys.ed; padded 
morocco. 5** 

AIm> Translated by C. Bigg, D.D. Cr. 
Bvo. 3«. 6d. See also Library of Devotion 
and Standard Library. 

Kennedy (Bart.). THE GREEN 
SPHINX. Cr. Boo. y. 6d. net. 
A Cokmial Edition is also published. 

Kennedy (Jabms Hon^bton)* D.D., Assist- 
ant Lecturer in Divinity in the University of 
DubUn. ST. PAUL'S SECOND AND 
THIRD EPISTLES TO THE CORIN- 
THIANS. With Introduction, Dissertations 
and Notes. Cr. Btto, 6t. 

Klnunfais(C. W.XM.A. THE CHEMIS- 
TRY OF UFE AND HEALTH. Illus- 
trated. Cr. Boo. 9t. 6d. 

Klnirlake (A« W,), Sec Little Library. 



BARRACK-ROOM 
•S. ' Both Tkomsmmd, Twenty- 

second Edition, Cr, Bvo, 6s. 
A Colonial Edition is also pnblished. 
THE SEVEN SEAS. eamdTkousmmd, Tenth 

Edition, Cr, Bvo, 6s, 
A Colonial Edition is also published. 
THE FIVE NATIONS. 41'^ Thousmnd. 

Second Editirn, Cr. Boo, 6s, 
A Colonial Edition is also published. 
DEPARTMENTAL DITTIES. Sixteenth 

Edition, Cr. Bvo, 6s. 
A Colonial Edition is also published. 
Knight (Albert B.> THE COMPLETE 

CRICKETER. Illustrated. Demy Bvo. 

•js. 6d. net. 
A Colonial Exlition is also pabUshed. 
Knight (H. J. C), M.A. See Cliuichman'b 

Bible. 
Knowllng (R« J«), M.A., Professor of New 

Testament Exegesis at King's College, 

London. See Westminster Commentariesi. 
Lamb (Charles and Mary), THE WORKS 

OF. Edited by E. V. Lucas. Illustrated. 

In SeoenVolumes. Demy^o. •js.6d.each. 
See also Little Library and E. V. Lucas. 
Lambert (P. A. H.). See Little Guides. 
Lambros (Professor). See Byzantine Texts. 
Lane-Poole/Stanley). A HISTORY OF 

.EGYPT IN THE MIDDLE AGES. FuUy 

Illustrated. Cr. 8zw. 6s. 
Langbridge(P.),M.A. BALLADSOFTHE 

BRAVE: Poems of Chivalry, Enterprise, 

Courage, and Constancy. Second Etution. 

Cr, Bvo. 9S, 6d, 
Law rWilllamX., See Library of Devotion 

and Standard Library. 
Leach (Henry). THE DUKE OF DEVON- 

SHIRE. A Biography. With Z2 Illustra- 
tions. Demy Bvo, jas, 6d. net. 
See also James Braid. 
Le Bras (Anatole). THE LAND OF 

PARDONS. Translated by Frances M. 

GosTUNG. Illustrated in colour. Second 

Edition. Demy Boo, js. 6d, net, 
Lee (Captain L. Melville). A HISTORY 

OF POLICE IN ENGLAND. Cr, Bvo, 

y, 6d, net. 
Le]gh(PerclvaI). THE COMIC ENGLISH 

(jRAMMAR. Embellished with upwards 

of 50 characteristic Illustrations by John 

LnccH. Post x6mo. zs, 6d, net, 
Lewes (V. B.), M. A. AIR AND WATER. 

Illustrated. Cr, Bvo, as. 6d, 
Lewis (Mrs. Qwyn). A CONCISE 

HANDBOOK OF GARDEN SHRUBS. 

Illustrated. Fca^,Bvo, y, 6d.net, 
LIsle(Portan^de). See Little Bodksoo Art. 
Littlahales(H.). See Antiquarys Books. 
Lock (Walter); D.D., Warden of KsUe 

Co11«- ST. PAUL, THE MASTER- 

BUILDER. Second EeUHon, Cr, 8sm 

y.6d, 
THE BIBLE AND CHRISTIAN UFE. 

Cr, 8mw 6r. 
See alM Leaders of Religiaa sad LAnqr 

Locker (P.). See Little Libmyii 
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Lodn 

STAl 



(fflr Mlvar), F.R.S. THE SUB- 



LoHfaBBMfW. P.), M.A. ETHICS AND 
ATONEMENT. With > Frootiipwce. 
Dnitji 8(w, u. ml. 

Unrlellow(ri. W.). S« Utile Librsur. 

Lortner <aeern Hornce). LETTEKS 
KROM A SELF-MADE MERCHANT 
TO mS&OV. Fi/imthEdilitn. Ci.tw. 



OLD GORGON 

A Colenial Edidon i> alsopDhliihed. 



atidbyGio 
IKLIFi 



,nrlklditL.^ . ., 

MUfE.V.), THEtlFE OF CHARLES 
,AMB. Wilh 05 lUiulTaiions. r^Wn^ 



EttititH, Dtmf E 
ACoJoniiJ Ediiionimaltspublislie 
A WANDERER IN HOLLAND, 
many lUuiralioiu, of ohich » ire in 1 
bjHEIUHT Maiuhau. SnttUkE, 



A Colonit] Edition 
WANDERER IN 
Illuslisiiani in Colou 


LONDON. WL 
by Nelson D*w 


A Coloniil Edilim 
Kdiliim. Ftaf. 8w 


it lUto published. 
UNSrfiNK T 
M- . . . 



THE OPEN ROAD:* 

fUErs. TtHiA Exilian. Fca*. Bw. ■ 

rnJia Pmttr, ^,. 6J. 
THE FRIENDLY TOWN : ■ Lillle B 

for ihe Urbwm. TAiW EJilit<t. fe 

Eiv. u.; /mUmPmftr.u.iJ. 
Loclu. Su Classic^ TnnilaliDD! 
Lyde(L. WA " " ' " 



),M.A. 



THEIR WORK. 1 



ii bcxik csmplelcly 



(J. A.). Stt Chuicl 



eluding * FroDlifiwce >d PhoIocn'niR- 
SictHd tad Ckiaftr Editim. Cr.Stv. &i. 



tt(E. R.). S« Bookion Buduisi. 
M>l>aw>n(A. S.). S» Oifoid Biofnptiiei. 
MacfatJ-CA. M.). SccChiuchmin'iLibnrT. 

Hwktin (HcflMrt y/.\ M.A. Sm Aaii' 



SCHOOL CHILD. Cr. iBt. H.6J. 

iii(ADtbt — " 

F SIENA 

Muau'fLBBrfa), H.Ar~Ar PRIMER OF 
WORDSWORTH. Cr.Sra. u.&d. 

MaluHT(J. P.),Iin.D. A HISTORY OF 
THE EGYPT OF THE PTOLEMIES. 

MalUud ( P. W. ), LL. D . , Dovniii^ PtorcsuF 

C»rabridB*'"cA°^ON 'law llT^NG. 
LAND. Kf^^l&et. ^- " 

CORck 
Englnnd. Cr. g<v. 31, W. 
THStNGLlSH CITIZEN : HIS RIGHTS 
AND DUTIES. SUik EJiiiim. Cr.tm. 
11. 6d. 
Sm alio School Hiilorisi. 
AUrcbul (e. C), M.A., Fcttnw of Pcier. 
house, Cunbtidie. A GREEK ANTHO- 
LOGY SicifdEdititn. Cr.tvr. 31.6a. 
"---'- VM. Cook. 
.1. E.).l ■ ■ 

s'IiJDYOFSCENERY. S4^m^£Jiiini 
Illustnted. Cr. ivt. 61. 
AGRICULTURAL GEOLOGY. Illiutnud. 



JKAndrv 



HI puhli^od. 

MMcfieliiTJoba)! SEA^LIFE mSEL. 
SON'S TIME. Illiunud. Cr. Bm. 
u. M iul. 

N THE SPANISH MAIN. With it 
IlluitruioDi uid a Map. Dim^ Sdo. 

'"■ ' " il Edilii 



TLIPE:Lo<i 



_. .. nofRiJicion. 
E EVOLUTION OF 

. Iliusmud. 

. . (cI" F. a,). M.A., M.P. 

TENNYSON AS A RELIGIOUS 

TEACHER. Cr. 8k.. 6t. 
ntatbooa (Mra. B. p.). COUNSELS OF 

LIFE- FtMf.hoB. ii.td.tut. 
ni]r<PbU). THE PHIL MAY ALBUM. 

SKtodEdtHlHi. All. i(. -ul. 
Mellow* (BBIIMS.X A SHORT STORY 

OF ENGLISH LITERATURE. Cr. 
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ENGLAND'S RUIN: Discusssd in Six- 

TSBN Lsmnis to th« Right Hon. 

JosbphChambbblain, M.P. Stvenik Edi- 

Hen, Cr, %w. yd. mt, 
Mfles (BustflceX M.A. LIFE AFTER 

LIFE, OR, THE THEORY OF REIN. 

CARNATION. Cr. 8w. a*. 6d. net. 
Mlllais (J. a.). THE LIFE AND LET- 

TERS OF SIR JOHN EVERETT 

MILLAIS, President of the Roral Academy. 

With many Illustrations, of which 9 are in 

Photogravure. Niw Eatttan, Demy %V0. 

•js. id. net. 
A Colonial Edition Is also puhlished. 
/Vinilil (Q. P.X PICTORIAL GARDEN. 

ING. Illustrated. Cr, %O0. _y. €d, net. 
JVUIlis (C. T.\ M. I.M. R. See Textbooks of 

Technology. 
MUoe (J. QA M.A. A HISTORY OF I 

ROMAN EGYPT. Fully Illustrated. | 

Cr. 8tw. 6f. 
Miltoo (John). A DAY BOOK OF. 

Edited by R. F. Towndrow. '^cap. 8tv. | 

31. 6d, net, ^ ) 

See also Little Library, Standard Library. 
Mlnchtnm. C.).M.A. SeeR.PeeL 
MltchelKP. CludscrA), M.A. OUTLINES 

OF BIOLOGY. Illusuated. Second Edi- 

tian. Cr. Bve, 6t. 
MIttoa <a. EA JANE AUSTEN AND 

HER TIMES, with manv Portraits and 

Illustrations. Secend and Cheaper Edition. 

Cr. 8vo, 6s. 
A Colonial Edition is also published. 
Moffat (Mary MA QUEEN LOUISA OF 

PRUSSIA. With ao lUnstratiooa. Third 

Edition, Demy 8cv. is, 6d. net. 
' Mon (A,\ * See Books on Business. 
Moir (D. M.X See Little Library. 
Mollnos (Dr. Michael de)b See Library of 

Devotion. 
Money <L. Q. Chlozza), M.P. RICHES 

AND POVERTY. Third Edition. Demy 

9vo, 5J. net. 
Montagu (Henry), Earl of Manchester. See 

Library of Devotion. 
Montalme. A DAY BOOK OF. Edited 

by C.T. Pond. Ecap. 8vo. 31. 6d. net. 

Moore (H.B.> BACK TO THE LAND. 
An Inquiry into Rural Depopulation. Cr. 
9vo. 9s. od. 

Montmorencv (J. B. O. de), B.A., LL.B. 
THOMAS A KEMPTS, HIS AGE AND 
BOOK. With 93 Illustrations. Second 
Edition, Demy Bvo, yx. 6d net. 

Moorhoose (B. HaUam). NELSON'S 
LADY HAMILTON. With 51 Portraits. 
Second Edition, Demy Zvo, ys. 6d, net. 
A Colonial EUiition is also published. 

Moran (Clarence a.)i See Books on BuMness. 

More (Sir ThomasX See Standard Library. 

Morfni (W. RA Oriel College, Oxford. A 
HISTORY OF RUSSIA FROM PETER 
THE GREAT TO ALEXANDER II. 
With Maps and Plans. Cr.Bvo. y, 6d, 

Morlch (R. J,\ late of (Hifton College. See 
School Examination Series. 



Morris (JA THE MAKERS OF JAPAN. 
With 94 Illustrations. Demy 8tv. xw. 6d, 
net. 
A Colonial Edition is also published. 

Morris (J. BA See Little Guides. 

Morton (Miss Anderson). See Miss Brod> 
rick. 

Moule(H. C. a.)f D.D., Lord Bishop of Dur- 
ham. See Leaders of Religion. 

Mnir (M. M. Pattlson), M.A. THE 
CHEMISTRY OF FIRE. Illustrated. 
Cr. %vo. 9s. 6d, 

Mnndella (V. A A M.A. See J. T. Dunn. 

Monro (R.X LL.D. See Antiquary's Books. 

Naval OttfiOM- (A). See I. P. L. 

Neal(W.QA See R. N.Hall. 

Newman (Ernest). HUGO WOLF. 
Demy 9vo. 6s. 

Newnian(Oeorge), M.D.,D.P.H.,F.R.S.E., 
Lecturer on Public Health at St. Bartholo- 
mew's Hospital, and Medical Officer of 
Health of the Metropolitan Borough of 
Finsbury. INFANT MORTALITY, A 
Social Problem. Vixth j6 Diagrams. 
Demy Zvo. 7x. 6d, net. 

Newman (J. H.) and others. See Library 
of Devotion. 

NlchoU(J. B. B.). See Uttle Library. 

Nlcklin cr.), M.A. EXAMINATION 
PAPERS IN THUCYDIDES. Cr. 9vo, at. 

Nimrod. See I. P. L. 

Norgate (<1rys Le Q.J. THE LIFE OF 
SIR WALTER S(50TT. Illustrated. 
Demy Zvo, j*. 6d. net. 

Norregaard B. W.). THE GREAT 
SIEGE : The Investment and Fall of Port 
Arthur. Illustrated. DemyStfO. ios.6d,net. 

Norw«r (A. H.). NAPLES. With 35 Col- 
oured Ihustrations by Maurtcb GRBiprsN- 
HAGB:i. Second Etb'tiom, Cr. ivo. 6s. 

Novalts. THiC DISCIPLES AT SAIS AND 
OTHER FRAGMENTS. Edited by Miss 
Una Birch. Ecnp. %oo. %s. 6d. 

Oldlleld (W. J.X M.A., Prebendary of 
Lincoln. A PRIMER OF RELIGION. 
Basbd on thb Catbchism or thb Ckobch 
or England. Fcnp. Zvo. as. 6d. 

Oldham (P. M.), B.A. See Textbooks of 
Science. 

OUphent (Mrs. ). See Leaders of ReUgion. 

Oiiian(C. W.C), M.A.. Fellow of All Souls*. 
Oxford. A HISTORY OF THE ART 
, OF WAR. The Middle Ages, from the 
Fourth to the Fourteenth Century. Illus- 
trated. Demy Svo. los. 6*:'. ne:. 

Ottley(R. L.), D.D. See Handbooks of 
Theology and Leaders of Religion. 

Overton (J. H.). See Leaders of Religion. 

Owen tDonglas). See Books on Business. 

Oxford (M. N. ). of Guy 's Hospital. A HAND- 
BOOK OF NURSING. Third Edition. 
Cr. 8vo, y. 6d. 

Pakes (W. C. C). THE SCIENCE OF 
HYGIENE. Illustrated. Demy Zvo. xsx. 

Palmer (Frederick). WITH KUROKI IN 
MANCHURIA. Illustrated. Third 
Edition, Demgf 8r». ^s. 6d, net. 
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Messrs. Methuen's Catalogue 



Parker (aObert). A LOVER'S DIARY. 
Fcm^,%oo, V. 

ParkM (A. IL). SMALL LESSONS ON 
GREAT TRUTHS. Fca^.Swf, is,6d. 

ParUnsoaUohii). PARAJDISI IN SOLE 
PARADISUS TERRESTRIS, OR A 
GARDEN OF ALL SORTS OF PLEA- 
SANT FLOWERS. /V»/m. ;C3. v. net, 

ParaeiiterCJoliii). HELIO-TROPES, OR 
NEW POSIES FOR SUNDIALS, 1695. 
Edited by Percival Landon. Quarto. 
2s. 6d. net. 

Parmentier (Prof. Leon). See Byzantine 
Texts. 

Parsons (Mrs. Clements GARRICK 
AND HIS CIRCLE. With 36 Illustra* 
tratiom. Second Rdition. Demy %vo. 
i9t. 6d. net. 
A Colonial Edition ts also published. 

PascaL See Library of Devotion. 

Hasten (Oeorffe). SOCIAL CARICA- 
TURE IN THE EIGHTEENTH 
CENTURY. With over aoo Illostrations. 
tn^ierUU Quarto. jC^y xu. 6d. net. 
See also Little Books on Art and I. P.L. 

LADY MARY WORTLEY MONTAGU. 
With 24 Portraits and illustrations. 
Demy %tfO, zjp. net. 
A Colonial Kdition is also pub* 'xbed. 

PatersonCW. R.)(Benjamin SwiftX LIFE'S 
QUESTIONINGS. Cr. Bvo. y. 64. net. 

Patterson (A. H.). NOTES OF AN EAST 
COAST NATURALIST. Illustrated in 
Colour by F. SouTHGATE. Second Edition. 
Cr. 8fW. 6s. 

NATURE IN EASTERN NORFOLK. 
A series of observations on the Birds, 
Fishes, Mamnuds, Reptiles, and Stalk* 
eyed Cru<;taceans found in that neigh- 
bourhood, with a list of the species. With 
za Illustrations in colour, by Frank 
SOUTHCATB. Second Edition. Cr. Zvo. 6s. 

I'eacoclr (N.X Ser Little Books on Art. 

Peake (C. M. A.), F.R.H.S. A HAND. 
BOOK OF ANNUALS AND BIEN- 
NIALS. With 94 Ilhuttrations. Fca^.%vo. 
or. 6d. net. 

Pearce (B. H.), M.A. ANNALS OF 
CHRIST'S HOSPITAL. Illustrated. 
Demf ivo. 7x. 6d. 

Peel (Robert), and Mlnchln (H. CX M.A. 
OXFORD. With 100 Illustrations in 
Colour. Cr, 9vo. 6s. 

Peel (Sidney), late Fellow ef Trinity College, 
Oxford, and Secretary to the Royal Com- 
mission on the Licensing Laws. PRACTI- 
CAL LICENSING REFORM. Second 
Edition, Cr. 8cv. \s, 6d 

Peters (J. P.X D.D. See Churchman's 
Library. 

Petrle(W.M.Flinders),D.CL.. LL.D., Pro- 
fessor of Efryptoloffy at University College. 
A HISTCmV OF EGYPT, from the 
Earubst Timss to thb Present Day. 
Fully Illustrated. In six v^nmes, Cr. 

Veu*i. Prehistoric Timss to XVItk 
pniAfTT. FifHtEdiHmu 



Vol. It. The XVIItr and XYIIIth 

Dtnastrs. FonrtkEdiHm, 
Vol. ni. XIXth to XXXth DncAsms. 
Vol. IV. Thb Ecttt or thb Ptolxmibs. 

J. P. MAHArrr, Litt.D. 
Vol. y. Roman Egypt. J. G. Milnb, M.A. 
Vol. vl Egypt in thb Middub Agba. 

Stanley Lanr-Poolb, M.A. 
RELIGION AND CONSCIENCE IN 

ANCIENT EGYPT. lUustrated. Cr. 

8CW. 9J. 60. 

SYRIA AND EGYPT. FROM THE TELL 

EL AM ARN A TABLETS. Cr.iioo. 9s.6d. 
EGYPTIAN TALES. Illustrated by Tris- 
tram Ellis, tn Two Volumes, Cr, Ssw, 

3«. 6d. each. 
ECJYPTIAN DE(X)RATrVE ART. WUh 

xao Illustrations. Cr, Bvo. xs. 6d. 
PhilUpsCW. A.). See Oxford Biogra^MS. 
PhiUpotto fBden). MY DEVON Y^R. 

With 38 Illustrations by T. Ley Pbtry- 

BRIDGE. Second emd Ciea^er Edition, 

Larre Cr. 8cw. 6s, 
UP ALONG AND DOWN ALONG. 

Illustrated by Claude Shbppbrson. 

Cr. 4fo. $s. net, 
A volume of poems. 
Plarr (Victor O.X See School Histories. 
Plato. See Standard Library. 
Plaatns. THE CAPTIVI. Edited, with 

an Inuoduction, Tesctual Notes, and a Com. 

roentary. by W. M. Lindsay, Fellow of 

Jesus (x>llege,Oxford. Demy Bvo. ios.6d.net. 
Plowden-Wardlaw (J. T.X B.A, Kinc's 

College, (Cambridge. See School Examina* 

tion Series. 
PodnMire (Frank). MODERN SPIRI. 

TUAUSM. Two Volumes. Demy ^t^, 

9 IX. net. 
A History and a Criticism. 
Peer (J. Patrick Le). A MODERN 
I LEGIONARY. Cr.Bvo. 6s, 
- PoUard (Alice). See Little Books on Art. 
Pollanl(A. W.). OLD PICTURE BOOKS. 

Illustrated. Demy Btoo. fs. 6d. net. 
PDllard(Bllza P.). See Little Books on Art. 
PoUock (David), M.I.N. A. See Books on 

Business. 
Patter (M. C). M.A., F.L.S. A TEXT. 

BOOK OF AGRICULTURAL BOTANY. 

lUuslrated. Second Edition. Cr. Bvo, 

Power {2, O'Connor). THE MAKING 

OF AN ORATOR. Cr.^vo, 6s. 
Prance (G.> See R. Wyon. 
Prescott(0. L.X 



is 



Pria 



ABOUT MUSIC. AND 
MADE OF. Cr. Bvo. 



WHAT IT 
6a. net. 

Ice (L. L.), M.A., FeUow of Oriel College. 

Oxon. A HISTORY OF ENGLISH 

POLITICAL ECONOMY. Fourth Edi. 

tion, Cr. Bvo. 2*. 6d. 
Primrose (Deborah). A MODERN 

BCEOTIA. Cr. Bvo, 6s. 
Protheroe (Bmeat). THE DOMINION 

OF MAN. Gbography in its Hitman 

ASPBCT. With 39 foU.page Illustrationit. 

Cr. 990, 9h 
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THE HICKO- 

..__[ OF LONDON, oil Lohdok m 
HtnuTOiB. __Wit)i uH llhatniioni m 



■t^ 



■ TirM KMhnm. 



r. Q«Bler C 

r POMP. A _ _ _ 

KncutiiLTVCt. StamdSJitint. Cr.iei 

O.K. and B.S.^liE WOODHOUSE COR- 
RESPONDENCE. Cr.lBt. 6t. 
A CDknUl EJidon h ■!» pobliibcd. 

IbwcfLu^M.). THE WOMBM.ART- 
ISTS of bologna. With » Ulu- 
mdnni. DBKy (». ^I, U. ml. 
Rbs <LofMtele> B.D., Oun. DANTE 
SRd his ITALY. Wiib 3» lUnni.- 
Iloni hiial)' fran conMnponry Ttaxaa 
*'*'^ DecwnmiB. Drtnr Bi"#. iBf. 64L ivi. 
; (F. J.X M.A., B.Sc., Lccturs in 
■■^ — ■ ■■ - ■»' T«liaiaJ 




cSLfe, 



;U^ It Ho. 



HIGHER 

W.), D.D. See 

3S^.' W.V M.A. A ST 
STORV OF SCOTLAND. 



Ruhdall (HutlHs), H.A., FcUow ud 

TutDt of VtiCaarrt, OTfbrd. DOC- 
TRINE AND DEVELOPMENT. Cr. 



I (CkUU). the MINISTRY 

OF DEACONESSES. With u Intndiic. 
ticB by lbs Un ArdiUihop sf Cuwrliuy. 



RDdwrilHLL B.A. NSW TESTAMSl 
GREEK. A CuiirH (or Bcnuain. Wiin 
■ Pn&ce by WuTn Lock.Vd., Wuttin 
sf Kcbla Cslkgb ^M. Sew. _u. &£ 

ll<i^FraiD.OLDOAKF1JRNirURE.Wiih 
muy IlliBtnliolu by tht Aothot, iadadiDi 
ftbmliqiivcB in coMi. Dtmytt*- iot,6Ji 

Rmn CA. a. UX U.A. Sh BooLi on 

SuiDtu. 
RMS (Sdnrd). THE ROSE RBADBK. 



Rav«i(J. J.),D.D. SnAnivTBuy'iBoo 

" ' — na (Lawrence, Em.). Sn LF, 

IfWatter). S« Sdiool Hiiwtii 



nnnmnd ( Watter). 

AR(B] Paddy. S« 

K a aa on(W.)LM.A. UNIVERSITY, 
SOCIAL ^ETTLBKKMTS. Cr. 

h (H. A.), M.A. Sh 



RaynaUc;. SHLiitlBOiUcneL 
Kboadac U. P.). S« 3iIl^ltii«l Frcoch 
Ithoaa«(W.e.V S« Scbool Hiibuici. 
RIaa (H.X H.A. See SimpliGtd Fnuh 

Rnfawti CM. B.). S« C. C. ChMSHx. 

Ktbartaoa (A.\ D.D., Lend Biibop of 
Elder. RBGNGM DBI. The BunploD 
Lectbrti of 1901. Dtirty Bev, 71. 6^ iv/. 

Rafeartioa (C Qrant). M.A., FilLnr af All 
Sode' College, Oiford, Exuninn in Ibe 
HcBOdn ScbSDl oTMoleni Hinoiy, OiFord, 
iocn.ioi>4. SELECl' STATUTES, CASES, 
^D CONSTITUTIONAL DOCU. 
MENTS, leSo-iBji. Dtm^ Sm. lu. 6d. 

Rotartaoa (C. Oraot) >nd Baitbolomr* 
(J, a.), F.R.S.B., F.R.G.S. A HIS. 
TORJCAI. AND MODERN ATLAS OF 
THBBRtTISR BMPIRB. DmfQ^mn.. 



III. U.; 

RawtrtiMUMkna). THE IMPERIAL 
DRUG AaOB. a Rs-Statbkint op 
;hii OnuH QuirnoH. Stermd amd 



l_ (W. ( 

li0H"bT""'F. 

Ftwik Sditirm. Cr. Stt. 61. 
SalBibBiT (HarrlHloii), H.D., F.R.C.P. 

PRIITCIPIA THEilAPEUTICA, 

Dtmf to*, iiv U. mt. 
St. Aoalen, See Libniy of Devatieii. 
St. AHK*>*tlM- S« Libnry of DerWien. 
St. Cyrai (VlacaBot). S« Oifofi Bia- 

sJT^UKti ol AHlaL THE UTTLE 
PLOWBRS OF THE GLORIOUS 
MESSER ST. FRANCIS AND HIS 
FRIARS, Ntvly tnnilaied by Willuh 
Hktwood. Wiih no iBInxtncdiia by A. 
G. P. Howxu., moA 4s lUuunikiBi boB 
Ilaliui pBinterA. Dtmvivm. 51. ntt. 
See alio Sundiud Libniy ud Libnry of 

■SaM* (K-Mimro). REGINALD, Sntnil 
Edittem. Fmi. Sm, u, trf, ml. 

Saka (51. Prancla da). See Libnty af 
Derouon. 

Salnoa (A. !.<)■ See Little Giudea. 



iatblu(C.}. See ByTuiIiiH TeiU. 
iGtamtttUohn). See Byiulioe Tent, 
toott (A. M.> WIM^TON SPENCBR 
CHURCHILL. Wiih FeitxiitiaDd 11I». 



Messrs. Methuen's Catalogue 



SeloBi (Bdmood). TCMMV SMITH'S 
AN1MAI5. lUuitraKd hy G. W. O.u. 
Smnti EUatH. Fcm^. Sum. u. tti. 
SclUtI EJilitM.u. 6ii. 

TOUMY SMITH'S OTHER ANIMALS. 
With 13 IllinDxiioDs by Aucdbta Guest, 
Siamd Edilirm. FcaptiDn. u.fioL 

SotUe (J. H.). ANECDOTES OF 
SOLDIERS. Cr.iat. i<.6J.ml. 

Shakafpem rWUlUra). 

THE TOUR FOLIOS, i6u: i6j»; iM« i 
.685. E«ll i*. +1- ml. or Ji ramplclc lel, 

10 Aid™ and LiltJ* Qauto 



S« • 
Shake: 



rp "S^JTviCTOBIAN POETS, fr. 

Sbvp (Cecil). Sh S. Buin-GouM. 
Slurp (Mn. B. A.), S« Ciiile Bwlcs an 



,.„.,.,». 'J. S.) THE PIAMOFORTK 
SONATA. Cr. Bm. «. 
. _ .« .. -Ki^y 



b.^'aEoi 



Sbdln'(Pan7B.). ADONA15: 
«■ tbc dutb of 
' Badyimop/ etc 

SlMpnvd (H. P.: 
GaaUT 



SMplov (Mny B.> AN ENGLISH 
CHURCH HISTORY FOR CHILD- 
REN. With 11 Prerid by [h« Biihop or 
Gibniui. With M>» uid lltuinalioni. 
Part I. Cr. ScA u.6d.Htl. 

Skbel (Walter). DISRAELI: A Si^idy 
in Pefiooalily and Ideu. Wiih jPoiuaits. 

SnaluOifanl Biagiapbles. 
StaM(J.). Sh UttLe Booki on Alt. 



R. E, O.f. S« Litlle BcK>Vi c 
(H. P. K.). S« Lilt!* Baoki n 
SICILY: Th. 



» llluMnlwi: 

...K^RTH. I 

Lo Phynognphy. Illustialv 




imMt (H. Bq«MAH.A A 1 
JUHt(3R AiUtHHETIC CrM 



rde N. a.'). THS FILIXm 



^ BOOK FOR 



SnHb (R< 

BOOR: 

SkhvI SditittL Cr.arc. u.U.nn. 
SmKh (R. Mudlel. THOUGHTS FOR 

THE DAY. Sditod by. A>A In 

u. U. wf. 
Smith (NoweUC. 
Smith (John Th 

A RAINY Day :Or, RccoIlKtianisfltu 

Evaliefthc Von iTU.iSn. F.ditnl hy 

Wilt BSD Wh.ttiw. IUudUrL wUi 

Dimtjvt. 111. 6J. ml. 
SimII (p. i.\ A BOOK OF EXMOOR. 

Illufimfd, Cr, Sh. 61. 

• -~. E.\ A HANDY DIGESTOF 
15T0RV._ Dtmf trr. ^ U. 

School BoDki. 



BRITISH I 



■•t(L.A.). Snjuni 
thfWIItOBB.XM.A. 



loMhcy (R.). 
EdJled by Da VII, x.^..,.... 

VoL I. (Ho<«n], CliKud, Hawkiiu. 
Dnlie, CivcndiibX SmmJ EdiHut. Cr. 



H jUu Slandud Lfbrtry. 
M(C.H.XH.A. 5«ScbaoLE 



ReJ !(>..„ 

St^cv (EdCCinBlH). THE GUILDS OF 
FLORENCE. lUusmed. Stand Eiiiliam. 

Stuibrldta (J. yf.\ B.D. S« Libruy of 

'Stucllftc.' GOLF DOS AND DONrS. 

Stcwl(0. W.r''s«D.GSlkh«! 
Stedman(A. M. H.\ M.A. 

INITIALATINA: EUiy Lesion'. on Eiemcn- 
Ury Accidence. ^irtlh Editian. Pcmf, 

Ttnlk EH- 

'IRST LATIN READER. With NolM 
utipled 13 th< Shoncr Latin Piimer and 

ir«. ■ "' '""•™"' • ""■•■ 

EASY SELECTIONS FROM C£SAR 
The Helveriui War. Sn:«rf Edilin. 

EASY SELECTIONS FROM LIVY. The 



EXEMPLA LATINA 1 
■a Latin Accidmcf. Wi 
Tlurd EiiUni. Cr.i/ft. 1 
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XASV LATIN CXERCI8R8 ON THB . 
SYNTAX OP THB SHORTER AND 
RXnSBD LATIN PRIMER. With 
VMabdvT. StntHthmmdCli'MftrEJiiHn, 
rr^mHIUn. Cr. tup. il. &£ Origimml 
Eiitien. u. 6J. Kit, 31. atl. 

TKE LATIN COMPOUND SENTENCE : 



Sclacud imd Edited ief Sim 



VAILIMA LETTERS. 



iblutaS'"* 



LaliD EiKTCua oa C 
Idiant. ^Fnrti EJitam. 



I. Ctf. With V 



LATIN VOCABULARIES FOR REPE- 
TITION : AiniiEcd mccording to SnbJMb 
FnTta<Uh SJitwtt. F^af. Sm. ii. 6d. 

A VOCABULARY OF LATIN IDIOMS. 
limt. Stcrmd EdiliiiL tj. 
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k Pnimi. op Bush 



S«na Irauni iba qnuion or Cocnmcrcul 
RdaCitiDn fulTy from both the point of view 
of tbs leuhcr and af the pucni. 

KlIITISH COHHEICB AHD COLOHtES rnott 
EUM»KTM TO VlCTOBlA. By H. d< B. 

Qibbinj, Litl.D., M.A. Tkird Kditim. it. 

C<lHHIIKI<I.ExA>ITNATIOHpAFeKS. By H. 
de B. Ulbl^ns. Lill.D.. M.A. II. e</. 

- By H. de 



ClALGl^llOIIArHVOr'THI 

By L. W. Lyde, M.> 



By5.E. 

BHITIIH 

. Fiflh 



ONS. By F. C. Boon, B.A. : 



Com* 



. Third Edititn, 



By F 



JuiUH, 



M.A. Fturlh SdittHt. 

FnNCHCOMHUICIAL COHIsmHDK 

5. E. Billy. With Voubnluy. 
Editim. ■>. 
Cbiuak Commbrci: 
S. E. Billy. W 



iBTic. By F. C. Taylor, 

t By 

Third 



ith Voca 



□MunciiLL RciLDU. ByS.E. 

. VodbuUiy. SncMdF.Jilimn. 91. 

iNti AND Officb ConnroHD- 

By E. E, Whitfield, M.A. Siana 



Bdiliini. : 
A Guide t( 



Sit»nd BdtHam. i 



f. DoBitu Edwudi. 



A sumpiiio 



■0 books < 

'\ in photo(^vure, collolype, ar 
duly tteated. The first volumes are— 
Mkuotint:^ By Cyril DrnvaoparL Wilb 41 

Plates in FhotoEraniTe. 
POHciLAiH. By Bdwmrd Dillon. With 11 
PJata in Colour, » in Collotypa, snd 1 ii 
PhotDoraTure. 

" By Dudley Hailh. With c 

• s in Collalype. and .s it 



Tlte OonnolBsenr'B Library 

Widt Royal %ve. 351. net. 



Experts for collectors, superblj' 



Plata in Colour, 

PhoTcnavure, 
[vaiinT ByA.Muke1L Wii 

Collotype anil Phoiogravure. 
Bxt^LisH FuiHiTuiE. By F. 

Wilb ifo Plain in Collolyi 

PholsiniTuie. .S'rriifii^ Ediii 



■m." 



colour. The lEcbtiical si 

:i.s. By Henry H. Cunyng. 



aDdliaTf-toBe luid''4 A 
^oldsjhthi-andSilvbh! 
Nelion Daw* 
Collalypa and 



iLVBHSMirKs-Woait. By 
Wilb many PblH in 
" -'-■" ■- Photo. 



The Librarr of Devotion 
With Itilrodiictiotis and (where necessary) Notes. 
Sma// Pott 8ro, thth, at. ; hathtr, 21. ftd. ntl. 
iiiOH<> OP St. Aur.uEiTiHi. Edited I TxR I.mitation or Christ. Edited by C 

I, D.D. Fifth Edillm. I Bigg, D.D. Fnnh Sdlil^n. 

Turn CtuiSTiAH Yum. Edited by Walter I A Boon of Dfvotiohi. Edited by I. W. 
, ., „ „ .„..._.. ^^. — I sutobridfe. RD, SandEdlli^ 






Lock, D. D. . TUrJ Sditim. 



lC«i 



24 



Messrs. Methuen's Catalogub 



Thb Lisbasy or Dsvotion— <mi/rmM«^. 

LntA Innocbntium. Edited by Walter 

LockfD.D. 
A Sbsious Call to a Devout and Holy 
. Life. Edited by C Bin. I>-I>- Ptmrth 

Bditiwm, 
Thb Tbmplb. Edited by R. C. S. Gibson, 

D.D. Second Edition, 
A Guide to Etkrmity. Edited by J. W. 

Stanbridge, B.D. 
The Psalms or David. Edited by B. W. 

Randolph, D.D. 
Ltba Apostolica. By Cardinal Newman 

and others. Edited by Canon Scott Holland 

and Canon H. C Beeching, M.A. 
The Inner Way. By J. Tauler. Edited by 

A. W. Hutton, M.A. 
The Thoughts op Pascau Edited by C 

S. Jemun, of. A. 
On the Love op God. By St. Francis de 

Sales. Edited by W. J. Knox-Little, M.A. 
A Manual op Consolation prom the 

Saints and Fathers. Edited by J. H. 

Bum, B.D. 
The Song op Songs. Edited by B. Blaxland, 

M.A. 
The Devotions op St. Anselm. Edited by 

C. C. /. Webb, M.A. 
Grace Abounding. ByJohnBunyan. Edited 

by S. C Freer, M.A. 
Bishop Wilson's Sacra Privata. Edited 

byA. E. Burn, B.D. 



Lyra Sacra : A Book of Sttcred Vt 
Edited by H. C Beecfaing, M.A., CaDooor 

Westminster. 

A Day Book prom the Saints and Pathsb& 
Edited by /. H. Bom, B.D. 

Heavenly Wisdom. A Selection from the 
English M ystics. Edited by E. C Gregonr. 

Light, Lips, and Love. A Selection (ram tot 
German Mystics. Edited by W.R.Inge,M.A. 

An Introduction to The Devout Lipil 
By St. Fnincis de Sales. Translated aad 
Edited by T. Barns. M.A. 

Manchester al Mondo: a Contemdiatioo 
of Death and Immortality. By Henry 
Montagu, Earl of Manchester. With aa 
Introduction by Elizabeth Waterhoiisei 
Editor of ' A Little Book of Life and Death.* 

The Little Flowers op the Glorious 
Messkk St. Francis and op his 
Friars. Done into English by W. Hey> 
wood. With an Introduction by A. G. 
Ferrers Howell. 

The Spiritual Guid^ which disentangles 
the Soul and brings it bv the Inward Way 
to the Getting of Perfect Contem^tton 
and the Rich T^reasure of Internal Peace. 
Written bv Dr. Michael de MoIinoS| Priest. 
Translated from the Italian copy printed at 
Venice, 1685. Printed in the year 
MDCLxxxviii. Edited by the Hoo. Mrs. 
Arthur Lyttelton. 



The ninstrated Pocket Lflirary of Plain and Oolonred Books 

Fcap Szuf. y. 6d. net each volume, 

A scries, in small form, of some of the famous illustrated books of fiction and 
general literature. These are faithfully reprinted from the first or best editions 
without introduction or notes. The Illustrations are chiefly in colour. 

COLOURED BOOKS 



Old Coloured Books. By George Paston. 
With 16 Coloured Plates. Fcap.^vo. M.neU 

The Lipe and Death op John M vtton, Esq. 
By Nimrod. With 18 Coloured Plates by 
Henry Aiken and T. J. Rawlins. Fourth 
Rditum. 

The Lipe op a Sportsman. By Nimrod. 
With 35 Coloured Plates by Henry Aiken. 

Handley Cross. By R. S. Surtees. With 
17 Coloured Plates and 100 Woodcuts in the 
Text by John Leech. Second Edition, 

Mr. Sponge's Sporting Tour. By R. S. 
Surtees. With 13 Coloured Plate*; and 90 
Woodcuts in the Text by John Leech. 

JORROCKS* Jaunts and Jollities. By R. S. 
Surtees. With 15 Coloured Plates by H. 
Aiken. Second Edition, 

This volume is reprinted from the ex- 
tremely rare and costly edition of 1 843, which 
contains Aiken's very fine illustrations 
instead of the usual ones by Phiz. 

Ask Mamma. By R. S. Surtees. With 13 
Gdourad Plates and 70 Woodcuts in the 
Ttattoy John Leech. 



The Analysis op the Hunting Field. By 

R. S. Surtees. With 7 Coloured Plates by 

Henry Aiken, and 43 Illustrations on Wood. 
Thb Tour op Dr. Syntax in Search op 

the Picturesque. By William Combe. 

With 30 Coloured Plates by T. Rowlandson. 
The Tour op Doctor Syntax in Search 

op Consolation. By William Combe. 

With 24 Coloured Plates by T. Rowlandson. 
The Third Tour op Doctor Syntax in 

Search of a Wipe. By William Combe. 

With 24 Coloured Plates by T. Rowlandson. 
The History op Johnny Quae Genus : the 

Little Foundling of the late Dr. Syntax. 

By the Author of * The Three Tours.' With 

34 Coloured Plates by Rowlandson. 
The English Dance op Death, from the 

Designs of T. Rowlandson, with Metrical 

Illustrations by the Author of 'Doctor 

Syntax.' 7\oo Volnnus. 
This book contains 76 Coloured Plates. 
The Dance op Life : A Poem. By the Author 

of 'Doctor Syntax.' Illustrated with a6 

Coloared Bagraviagi by T. RowUndsco. 

{Contimmed. 



Gemeral Literatuke 



I Loud 






SccDEI of leiry Hmwlhcpni, Ew. , M 
Etaguil Friaid, CurintliUa Tom. 
Pkns BgUL Wilh ]& Coloured I 
I. R. juiJG. Cniikihuk. Wilhn 
DsiEiii on Wood. 
RiAI. Lit* IK LOHQOH : or, Ihi Ruablc! 
and Adnnlaru of Bob Talli>ho, Eh^ ui« 
his Coniin, Til* Hm "" - ■ ■■ *^ 



Mh« 



jiColnu 



Plates br AlkcD uid Roi 

Tkk Lira or ah Actor. By Pierce Egu. 
Whb IT Colonnd Flalti by Thtudon Lu(, 

rHKVicI?^rWAUr™ui. BfOliierGold- 

imiili. With 14 ColotiHd Plata bv T. Row- 

iudion. 
Tm HiLiTAiT Advinturh or Johkkt 

NncDHi. ByanOfficer. With isCoIdoriI 

Plals bv T. Rowlandiaii. 



by Henrr Al .... 

This bull ii compkHlv di 
tUES lelio edition of ' Eimtii 



It uid SI Coloured F 



IT A Fust Caftaih. 



r. Ibe Art of PreserriDg Guk ; 
ulmn Improved Method of aakiniT PlaDta< 
' Coven, explained ud IlliuIraMd 



a by T. Rawlin 



^octiDU (a 
;, GullopinE, 



Walk&B. Tmtiini., . 

Stambluii, and TmnbliBi. llTs 

» Coloored Flntei, and adoi 

Fortnit of Iha Amhor. By UeoKey 

lUL Lin IH lULAND, Or, the Day ud 
Night Scenes of Brian Bora, Esq., and bLi 
Elagant Friend, Sir Shawn O'Dwherty. 
By a Rest Paddy. With la Calaaijpinr^ 
by Hnlb, Harks, etc. 

CllB AoVINTUaiS 0» JOMKIIV KBWC0«« IH 

THi Naw. By Alfnd BorUa. With t6 
Colaared Plates by T. Rowlaodsoo. 

Sqaan : A Poem. By 
:sq. With « Celonred 

rIeofT. Rowlaodion. 



-^ OiJ> Eiia_.._ 

{ohn Carelen, E 
lates afier the aj 



PLAIH 

k poem. By Robert Btajr. 



WiUiam Blake. With a 



These famous llhuti _ 

'^re reproduced in pfaotopvi 

ThomaaBeoick. 
Wwnio* CA«rtJ. ByW. Hanljo 
W:ih IS PUtes and 3; Woodcni 
by GeoTxe Cniiluhank. 



Enaraied Title Page 
. byT. Phillips, iCA, 



With ^ WesdcBts by 

ByW. Harrison Ainswnnh. 
indS; ~ 



ct by Oecefe Croikshaok. 

tL*au. By F. E. Smtdl— 

|a Plata by George CruikihaDk. 
iHDT Ahdv. By Samuel Lover. 



K tuaiMaii. BtF. E. Smccllcy. With 



.- _ repcodnced from Iba beautl* 

.'JohaH^ororiSav 

Pickwick PArus,^ By Charles Dickens^ 



fol editioo of^ohi 
*Rr Pickwick 
With the 43 



B Flans, and tbeaaCoD- 



Jtmior Ezuninstlon Series 

Edited by A. M. M. STEDMAN, M.A. F^f. Sm. 



IN KXAtI 



iNPAn 



G. Botting, B.A. Ftm^k EJiUtH 
JcTKian Ehsiuh Shauimatioh Fati 
W. Williamson, B.A. 

By W. S. Beaid. TUrJSdUitM. 
Taxioii Alcbsk* BicuiniATKHi Pati 
S,W.nnD,M.A. 




26 



M£9SRS. METHUEN'S CATALOGUE 



Junior Sehool-Bodka 

Edited by O. D. INSKIP, LL.D., and W. WILLIAMSON, B.A. 



A Clam-Book of Dictation Passages. By 

W. Wmiamaon, B.A. Twlftk BdiHtm. 

Cr, Zvo» IS, 64I. 
Tkb Gospbl According to St. BIatthjbw. 

Bdited by E. WHton South, M.A. With 

Three Maps. Cr. Ssw. is, 6d, 
TuKGotPBLAcaMtoiNGToST.MARX. Edited 

br A. E. Ruble. D.D. With Three Maps. 

Cr, 8ev. js, 6a. 
A JuNioit English Okammax. ByW.William- 

soa, B.A. With nwmetous pogaMesforniming 

and anaWsis, and a chapter OQ £raay Writing. 

Third Edition,, Cr.UfO, su. 
A Junior Chemistry. By E. A. Tyler, B. A. , 

T.CS. With 78 lUoMiations. Third Edi- 
tion, Cr. 8p9. 9f. 6d, 
The Acts op the Apostles. Edited by 

A. E. Ruble, D.D. Cr. Bvo. 9s. 
A Junior French Grammar. By L. A. 

Sornet and M. J. Acatos. Cr. izw, zs. 



Elementary ExPEXimMTAL ScnNOB. Pht* 
sics by W. T. Clondb, A.R.CS. Chsmjstrt 
by A. E. Donstan, B.Sc. With » Plates and 
X54 Diafprams. Fomrtk JSdk'Hon. Cr. dmo. 
9s.6d. 

A Junior Gbomstry. By Noel S. Lydan. 
With 976 Diagrams. Fomrth Edition. Cr. 
Qvo. as, 

Euementary Experimental Chemistry. 
By A. E. Dnnsun, B.Sc. With 4 Plates 
and X09 Diagrams. Cr, 8««. 9S, 

A Junior French Prose. By R. R. N. 
Baron, M.A. Soeond Edition. Cr,9tfO, as, 

Tks Gospel According to St. Luke. With 
an lotroductioQ and Notes by WOliam 
Williamson, B. A. With Three Maps. Cr, 

8CV. 3X. 

The First Book op Kings. Edited by 
A. E. RuBiB, D.D. With Maps. Cr. fow. 
as. 



Leaders of Beligion 

Edited by H. C. BEECHING. M.A.. Canon of Westminster. IVith Portraigs. 

Cr. 8va. 2J. net. 



Cardinal Newman. By R. H. Uutton. 
John Wesley. By J. H. Overton, M.A. 
Bishop Wilberporcb. By G. W. Daniell, 

M.A. 
Cardinal Manning. By A. W. Hutton, M. A. 
Charles Simbon. By H. C. G. Moole, D. D. 
John Keble. By Walter Lock. D.D. 
Thomas Chalmers. By Mrs. Olipbant. 
Lancelot Andrewbs. By R. X. Ottley, 

D.D. Stcond Edition. 
AuGUSTiNB OP Canterbury. By K. L. 

Cutts, D.D. 



William Laud. By W. H. Uutton, M.A. 

Third Edition. 
John Knox. ByF.MacCunn. Socond Edition. 
John Howe. By R. F. Horton, D.D. 
Bishop Ken. By F. A. Cbtfke, M.A. 
Gborgb Fox, thr Quaker. By T. Hod^cin, 

D.C.L. Third Edition. 
John Donne. By Augustus Jeaaopp, D.D. 
Thomas Cranmer. By A. J. Mason, D.D. 
Bishop Latimer. By R. M. Carlyle and A 

J. Carlyle, M.A. 
Bishop Butlbr. By W. A. Spooner, M.A. 



The Little Blue Books 

lUustraied. Demy i^mio. 2x. 6</. 



I. The Castaways op Mbadowbank. By 

Thomas Cobb, 
a. The Beechnut Book. By Jacob Abbott. 
Edited by E. V. Lucas. 
The Air Gun. By T. Hilbert. 
A School Year. By Netta SyretL 
The Peelss at thb Capitau By Roger 
Ashton. 



3- 
4- 
5. 



8. 



The Treasure op Princbcatb Pbiobt. 

By T. Cobb. 
Mrs. Barberry's General Shop. By 

Roger Ashton. 

A Book op Bad Children. By W. T. 

Webb. 

The Lost Balu By Thomas Cobb. 



Little Books on Art 

With many IttustrtUians, Demy i6mo, 2s. 6tL tut. 

A series of monographs in miniature, containing the complete outline of the 
subject under treatment and rejecting minute detaiU. These books are produced 
with the greatest care. Each volume consists of about aoo pages, and contains from 
30 to 40 illustrations, including a frontispiece in photogravure. 



Gbbsk Art. H. B. Waltars. Third Edition. 
Bookplates. E. Almack. 
Reynolds. J. Sime. Second Edition. 
RoMNEY. George Paston. 



Watts. R. B. D. Skotchley. 
Lbichton. Alice Coricran. 
Vblasqubz. WiUrid WObarforce and A. R. 
Gilbert. 

[Comtinuod. 



General Literature 



LiTTLi BooKi ON Art — cmtimiud, 
GUDU AMD BoucHn. EliuP. Pollud. 
VulDircic U. C. Smillwood. 
Tnaiiu. Frucu TymlK>m. 
DOnn. JcuiaAIltn. 
HoiTHBi. a. P. R. SkipaiD. 

HOLIBIH. Mn. G. PuROKBt. 

BuiHB-JoHis. Fartante da IMk, SrrmJ 
RuiutAHBT. Mn. B. A. Sfaup 



MilLKT. N«uiPiaeock. 
Iu.oyii<AT«D MSS- J. W. Bmdlcy. 
Chbst in Ait. Un. Henty Jeniwt. 

inriLLunr. Cyril DanspHb 
LAOor. Edvud UUod. 
TiuAinorjATAN. Edwinl DUlen. 
EMAMSLt. Ur. Nebn Dawun. 



ThB Little OallBTiM 
Amy l6mA 21. 61/. rxt. 

A serin of little booki coDtamins exompla of the beat irorkor the gmlp&inlcni. 



Each volume cc 

life and work of the m 

A LiTTK Callkht dp 



9ok is devoled. 

A LiTTLX GaU.S*T or HlUAIS. 

A LiTTLK GaLUHIV OF Ehgluk Pocts. 



The Little Onldes 

With man; IlliLslrationg b; £. H. New and other arf ist9, and frnn pbolograptu. 

Siaal/ Pott Sot, clvth, as. 6d. net.; Itather, y. W. wrf, 
Messrs. Mkthue;n are publishiog a small series of books under the Kcoeral title 
ofTHB Little Guides. The main feaiurea of these books are (i) ft band; and 
charmiaKfomi, (9) anisiic IlluslraiioDs by &. H. New and othen, (3) good plani 
and maps, (4] an adequate but compact preseolation of evrrjrtbiag that i* intoetl- 
ing in the natural features, tiistorj, archnologr. and architecture of the town or 
district treated. 
Cambsiiwb and ITU Collhces. By A. 1 KnTPORDtHim. By M. W. TaopUiu, 

Himillen Thompwn. Stcnd Kdiiitn. F.R.H.S. 

OXTDRD AND ITU CoLLICIS. Bf J. Weill, Thk I«t.K or WiQ)rT. By C. CtlDdl. 

... .. .,j.-,.-._ I Khbt. Bva Clindi. 

I Kiiiiir. ByCP. Ciue. 

I MlDDtBSU. By Jaho B. FiiUi. 

I NoiTUAiirTONSHm. By Wakelini Dir, 

r><iI&HCli9MLAns. ByP.G.Bnbul.M.A. : Ndifolk. By W. A. Dntl. 

I'hk MALviiut CoDHTiv. By B. C A. GxrouwHtax. By F. G. Biabam. M.A. 

Wludk, D.Se., F.K.S, Sdffdlic B* W. A. Itan. 

SitAKBPUu's CociTTaT. By K C. A. ' Sumit. ByT. A. H. Lambvt. 

WindkiD.Sc, F.R.S. SnwmJ BOilini. , Subh By F. O. Babut, M.A. AnW 



1/ G. eT^iik 



BgcxiHCHAHSHnc. By E. S. Bueoe. 
CnasHiu. By W. 11. GillKbiB. 
Caiiii*ALL. By A. L. SalmoB. 
DnnsHiM. ^y J. Chuls C«, LI>D., 

F.S.A. 
Dbtoh. By S. Buino^ionld. 
r. By Fi«iik_R._Hath. 



ill Nomt Rnixa o* Vmi 



ByJ.K. 
BfJ-K. 



BuiTTAHT. By & BuIh-OmU. 
NomuaDT. Br C ScadaaMn. 

Rows ByC. a T.n ' 



XhAldtOaLitnacy 

With IntroductioiM, Notes, and Photogravura Fronliap 
Smail Pitt Sfw. Eatk Vrimmt, tlMh, is. &i. net ; Ualker, a 
Anon. EKGUSH LYRICS, A LITTLB I NORTKANGBB ABSCT. 

BOOK OF. Lucas. 

ABvten (Jaaa). PRIDE AND PRinj- Bacon (Prwield. 13 
DICE. EditadbyB-V.LDCU. TmtVili.] BACON. KAidI 
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THB LiTTLB LiBKAKT— CMl/tM«#l£ 

BvluuB (R. HJ. THE INGOLDSBY 
LEGENDS. Edited by J. B. Atlay. 
T^0 Vaiuwus. 

BwnenCMrs. P. A.). A UTTLE BOOK 
OF ENGLISH PROSE. 

Beckford (Wnilam). THE HISTORY 
OF THE CALIPH VATHEK. Edited 
by E. Dbnison Ross. 

Blaka (Wllllam). SELECTIONS FROM 
WILLIAM BLAKE. Edited by M. 
Perucini. 

Borrow (George). LAVENGRO. Edited 
by F. HiNDEs Groom E. Two VolMmtt. 

THE ROMANY RYE. Edited by John 
Sampson. 

Browning (Robert). SELECTIONS 
FROM THE EARLY POEMS OF 
ROBERT BROWNING. Edited by W. 
Hall Griffin, M.A. 

Canning (George). SELECTIONS FROM 
THE ANTI-IACOBIN : with George 
Canning's additional Poems. Edited by 
l.LOVD Sanders. 

Cowley (Abraham). THE ESSAYS OF 
ABRAHAM COWLEY. Edited by H. C. 

MiNCHIN. 

Crabbe (George). SELECTIONS FROM 
GEORGE CRABBE. Edited by A. C 
Dbanb. 

Cralk (Mrs.). JOHN HALIFAX, 
GENTLEMAN. Edited by Anne 
Mathbson. Tw0 Voiumes. 

Crashaw (Richard). THE ENGLISH 
POEMS OF RICHARD CRASHAW. 
Edited by Edward Hutton. 

Dante (Allghieri). THE INFERNO OF 
DANTE. Translated by H. F. Caky. 
Edited by Paget Toynbbe, M.A., D.Litt. 

THE PURGATORIO OF DANTE. Trans- 
lated by H. F. Cary. Edited by Paget 
ToYNBBB, M.A., D.Litt. 

THE PARADISO OF DANTE. Trans- 
lated by H. F. Cary. Edited by Paget 
ToTNBEB, M.A., D.Litt. 

Parley (George). SELECTIONS FROM 
THE POEMS OF GEORGE DARLEY. 
Edited by R. A. Streatfeild. 

Deane (A. C). A LITTLE BOOK OF 
LIGHT VERSE. 

Dickens (Charles). CHRISTMAS BOOKS. 
T\Lfo Volumes. 

Perrier (Sasan). MARRIAGE. Edited 
by A. Goodrich • Freer and Lord 
Iddesleigii. Two Volumes. 

THE INHERITANCE. Two Volumes. 

GaskelKMrs.). CRANFORD. Edited by 
E. V. Lucas. Second Edition. 

Hawthorne (Nathaniel). THE SCARLET 
LETTER. Edited by Percy Dearmrr. 

Henderson (T. P.). A LITTLE BOOK 
OF SC(>TT1SH VGRSE. 



Keats (John). POEMS. With mn Intro. 

dnctioD by "L. Binton, «iid Notes by J. 

BIasefibld. 
Klnglake (A. W.). EOTHEN. Witbaa 

Introduction and Notes. Second Editifim. 
Lamb (Charles> ELLA, AND THE 

LAST SSSAY^ OF ELIA. Edited by 

E. V. Lucas. 
Locker (P.). LONDON LYRICS Edited 

by A. D. C^odley, M.A. A reprint of tbe 

First Edition. 
LongfeUow (H. W.). SELECTIONS 

FROM LONGFELLOW. Edited by 

L. M. Faithfull. 
Marvel! (Andrew). THE POEMS OF 

ANDREW MARYELL. Edited by E. 

Wright. 
Mlfton (John). THE MINOR POEMS 

OF JOHN MILTON. Edited by H. C 

Beeching, M.A., Canon of Westminster. 

Moirrp. M.). MANSIEWAUCH. Edited 
by T. F. Henderson. 

Nlchols(J. B. B.y. A LITTLE BOOK OF 
ENGLISH SONNETS. 

Rochefoacanld(La). THE MAXIMS OF 
LA ROCHEFOUCAULD. Translated 
by Dean Stanhope. Edited by G. H. 

POWKLL. 

Smlth (Horace and James). RE JECrTED 
ADDRESSES. Edited by A. D. Godley, 

Sterne (Laurence). A SENTIMENTAL 
JOURNEY. Edited by H. W. Paul. 

Tennyson (Alfred, Lord). THE EARLY 
POEMS OF ALFRED, LORD TENNY- 
SON. Edited by J. Churton Coluns, 
M.A. 

IN MEMORIAM. Edited by H. C 

THE PRINCESS. Edited by Elizabeth 

Wordsworth. 
MAUD. Edited by Euzabeth Wordsworth. 

Thackeray(W. M.). VANITY FAIR. 

Edited by S. Gwynn. Three Volumes. 
PENDENNIS. Edited by S. Gwynn. 

Three Volumes. 
ESMOND. Edited by S. Gwynn. 
CHRISTMAS BOOKS. EditedbyS.GwTNN. 
Vaaghan (Henry). THE POEMS OF 

HENRY VAUGHAN. Edited by Edward 

Hutton. 

Walton Ozaak). THE COMPLEAT 
ANGLER. Edited by J. Buchan. 

WaterhouseCMrs. Alfred). A LITTLE 
BOOK OF LIFE AND DEATH. Edited 
by. Ninth Edition. 
Also on Japanese Paper. Leather, y. 
net. 

Wordsworth (W.). SELECTIONS FROM 
WORDSW()RTH. Edited by Nowell 
C. Smith. 

Wordsworth (W.)and Coleridge (S. T.). 
LYRICAL BALLADS. Edited by GBoaca 

SAMPtOIf. 



General Lttbratuke 

ThsLittla Qquto ShakacpMi* 

Edited bjr W.J. CRAIG. With Introdoctiaas m«d NotcL 

Atf t6M0. I» tp foAuMi. iMlitr, frit* \t. mt mck mimm*. 

Makagattf RtBataiMg Btak C*i4, lot. mU. 



inuurox : A Dulocuc on youili. ] 
Edwud FiuGcnld. Fnm the cdilkn n 

tLommi or WUc Saws and Hodcni 1 

■UBcn. Br Edwvd FiuGcnld. Fn 

cdidoi pabliibcd by W. Kclurini 



iteratiiie books vhtch tuve qualities ol 
don, orlitawy genius. 



Trn'RusXirl^' _ _, 

Edward Fil^icnld. Fmoi tb« IH t<titk» 



■ KhattAv. 



tdilioo pimlcd at Strawberry Hill in iIk 

?m Visiom OF Don Fiahosco Qimuio 
ViLLKAi, Kaiihl of tta* Older of Si. 
Janws. Hade £ia)U by R. L. Fna ibc 
edition rrinud fiw H. HariocBan, iMt. 

'ova. By Dora GrHavaD. Fm tb* adi- 



Ozford BiognphiM 

FcaJ>. iJoD. Eatk vclune, lUtk, zs. 6d. lul ; Uatker, 31. f>d. mti. 

DahtE AllCHtni. By PseelToynbee, M.A., 
D.Un. with 11 IlhuDuioai. .^ah^ 

SAVOHABaLA. By E. I. S. HocibuTEti. M.A. 

Wilb II lUuHiatiODS. Sa*^ E^Hn, 
JoHH HowAiD. Br E. C S. Gibson, D.D., 



Biitnp oC Ghnceuer. 

4 Illulrat 

a RAl;UaH. By 1. A. Taylor. With 



lUiutratioDL 
Thb Yo 

With 



By C S. Tury. 



W. AUku Phillips. ' 
By Waller Sichel. 



By ViKSwnt Si Cyro. Witb 



Sdiool BzuniiuttlDn Series 

Edited by A. M. M. STEDMAN, M.A Cr. 81 



lytobebad 



By A. M. 

_ ...pplicati 
PiflK EdiHt 

M. M. 



PltHCH EXAHINA 

U. Sledmao, M, 
A Kiv, ' 

Sluder.U only t 
IS the Publii 

LATrit ^AMiHATioH PArms. By A 

Sledaus, M.A. TlurUiHik Bdiiu 

Kev (Sixth Bdilieiii isued ■!> 

Gtuic ExAMiHATioH Pafus. By A 
Stednan, U.A. Nimtk EdiHtn. 
Kiv {Third EJiliM) iuud ai 

GsanAH EXAMIHATIOH PAun, By R. J. 
Hmicb. SitiASdilitiu 



SteeJ, U.A., F.C& 
"'•FMS. By A. fc 



30 



Messrs. Mbthubn's Catalogue 



School HistorieB 

Ilhisirtaed. Crown Sw. is, 6d. 



By 



A School History or Waswicksmikx. 

B. C. A. Wiodle, D.Sc, F.R.S. 
A School History of Sokbxsst. 

Walter Raymond. 
A School History of Lancashire, by 

W. £. Rhodes. 



By 



A School History of Surrst. By H. E. 
Maiden, M. A. 

A School History of Midolsskz. By V. 
G. Plarr and F. W. Walton. 



Textbooks of Science 

Edited by G. F. GOODCHILD, M.A., RSc., and G. R. MILLS. M.A. 



Practical Mechanics. By Sidney H. Wells. 

Third Edition. Cr.Zvo. y,6d, 
Practical Physics. By H. Stroud, D.Sc, 

M.A. Cr. Spa. 3s. 6d, 
Practical Chemistry. Part i. By W. 

French, M.A. Cr. Zxro. Fourth Edition. 

\s. 6d, Part II. By W. French, M.A., and 

T. H. Boardman, M.A. Cr, 8tw. is. 6d. 

Technical Arithmetic and Geometry. 
By C. T. MiUis, M.LM.E. Cr, %oo. 
y. bd. 

Examples in Physics. By C E. Jackson, 
B.A. Cr. Bvo, 7S. 6d. 



Plant Life, Studies in Garden and School 
By Horace F. Jones, F.CS. With 330 
Diaerams. Cr. Bvo. 3f . 6d, 

The Complete School Chemistry. By F. 
Oldham, B.A. Illustrated. Cr. Zvo. 

An Organic Chemistry for Schools and 
Technical Institutes. ByA. E.Dun&tan, 
B.S&(Lond.), F.CS. Illustrated. Cr. 8tw. 

Elementary Science for Pupil Teachers. 
Physics section. By W. T. Clough, 
A.R.CS. (Lond.), F.C.S. Chemistry 
Section. ByA. £. Dtinstan, B.Sc (Lond.), 
F.CS. With a Plates and 10 Diagrams. 
Cn Svo. at. 



Metbuen's Simplified French Texts 

Edited by T. R, N. CROFTS, M.A. 
One Shilltng each. 



L'HisTOiRE d'unb TuLiPE. Adapted by T. R. 

N.CrofU, M.A. 
Abdallah. Adapted by J. A. Wilson. 



La Chanson de Roland. Adapted by H. 

Rieu, M.A. 
Mtf moires de Cadicuon. Adapted by J. F. 

Rhoades. 



Metbuen*s Standard Library 

In Sixpenny Volumes, 

The Standard Library is a new series of volumes containing the {;reat classics of the 
wurld, and particularly the finest works of English literature. AU the great masters will be 
represented, either in complete works or in selections. It is the ambition of the publishen> to 
place the best books of the Anglo-Saxon race within the reach of every reader, so that the 
series may represent something of the diversity and splendour of our English tongue. The 
characteristics ofTHE Standard Library are four :— i. Soundness of Text. z. CHtAPKEbs. 
3. Clearness ot Type. 4. Simplicity. The books are well printed on good paper at a 
iuice which on the whole is without parallel in the history of publishing. Each volume con- 
tains from 100 to 350 pa^es, and is issued in paper covers, Crown^ 8vo, at Sixpence net, or in 
cloth gilt at One Shilling net. In a few cases long books are issued as Double Voluroe:> 
or as Treble Volumes. 

The following books are ready with the exception of those marked with a t , which denotes 
that the book is nearly ready : — 



The Meditations of Marcus Aursijus. 

The translation is by R. Graves. 
Tmz Novels OF Jane Austen. Ins volumes. 

Vou L— Sense and Sensibility. 
Essays and Counsels ana The New 

Atlantis. By Francis Bacon, Lord 

Vemlam. 
Rbltcio Mei>ics and Urn Burial. By 

Sir Thomas Brawne. The text has been 

collated by A. R. Waller. 




The Pilgrim's Progress. By John Bunyan. 
Reflections on the French Revolution. 

By Edmund Burke. 
The Poems and Songs of Robert Burns. 

Double Volume. 
The Analogy of Rsugion, NATtJRAL and 

Revealed. By Joseph Boder, D.D. 
The Pobsis of Thomas CHATTMtTON. In a 

volumes.^ 
Vol. I.— 'Miscellaneous Poems. 

MConHnmtd. 






General Literature 



MBTHrax's Standard Libxakv— usffui/^ 

IVoL II.— TliE Revler Pneiu. 
f Tm Nev Life ahd SoNiiin. By Dutc 
TtmntlUad into EiiElub bv D. G. RoHlIi. 
TmiJoHB, Br Henry ricldioi. TnUsTol. 
CurnonD. By Mn. GuLelL 
The UirroDv or tki Dklihk ahd Fall or 
THE RoxAH Ehmu. By Edwud Gibbon. 
In 7 dadbfca vdLdidcl 

The Tut ■□<] NcHa bmve been reriieit by 
J, B. Bury, LitLD., but Iht Appndicn of 
the BiDie eipBuin edition ue dm civeo. 
(The Vicar or WAEEriELD. By Olinr 



Vol. 1.— Tba Cau ti Altered. Evhv Ui 



SeliDcoiut. 

Oa TSB IHITATK 

!l Kempii. 



r. Every Mu oat of Hi> 

nil', ThePoeuiler. 
ilUted by H. C- Hul. 
ATS. DoablsvolDBie. 
n collAwd by E. de 

Chii^t. By TboiDU 

by C. Bigg, DD., 

HOLV 



CuoD of Cbriit Churcb. 
A Seuoui Call to a 
Liri. By William 
The PoBxi or John Ui 

VoJ. L— PuA3i« L«l . _ .. 

The Pk»e Woiki^ or John Milton. Vol. l— AImHoi ; Tbe V 

Vol. I..— Eilcomklutes ud Tbe TcBtin of 
KinH And HagisDnteE. 

SiLUT WoiKI or Sin ThDHAS MOKE. 

Vol, I.— UtopU Vld Poems. 
The Kepuelic or Plato. Tiun>!aled by 

Textbooks of TaclmoIoKy 

Edited by G.F.G0ODCHILD,M.A.,B.Sc., and G. R. MILLS, M.A. 

Fulfy Jllmlraitd. 



Sjdailum and TAvlor. Botib 
ibK (nulAtioa liAi b«tD 1 
W. H. C. RouK. 
The Little fLOWEU or St. 
Tmiulated by W. Haywood. 



MeuoR iat Meunic; Tbe COm^y 
EiTon. 
Vol.il— Mucb Ado AboDtNothinEiLon'i 

I^bcnr'i L»i; A UldiumineT Misbl^ 
DiEAB ; Tbe Uerdusl of Venice ; AsVou 



VoLiv.-Tbe Life «idDe.th of Kine John; 

TbeTtagedyofKiBtRicbudlheSeooad; 

Tbe Pint Put of Kini Hemy IV. ; Tlw 

Second Pin of KEm Henry IV. 
Vol. v.— Tba Life oTKini Henrv 

Pirn Put of Kins UemyVL; lb 

PAiIefKinl Henry Tl. 
Vol. vi.-'Tbe llinf Pan of Kins Henry 

VI. ; The Truidy of KiiiE Ridiard iil : 

Tbe Famoui HiiloiT of tCc Life of Kinc 

Henry viiL 
:hePoehsof.Peih:tBtuheSheu.et. In 4 



[ennr v. ; ' 
; ibeSec 



■o Make a Deesb. By J. A, 



flftk SJiluni. Cr.Sw. 31. 6d. 

UlLLIHEIV, ThEOUTICAI. ANO PuCTICAL. 

By Clan HilL Third Edilitn. Cr. ttt. 



BniLDns' QoAHTiTBa. By H. C Grabb. 

Cr. Bm. 41. td. 
MrotMSi Uktal Work. By A. C. Honb. 



i Powbb; An iBtrs. 



IDC- B* 

Second Ml 

and Elecrncal Eoniiaerina, 1 

TrJuIcaI ScbonI, lUiirw. iTlN. 

A.ILCS.,,A-LE.E., ■ 



of Elediical Er 



. ..^jTSdiosl. Cr. tw. 41. U 

EHGfKEEWHC WsEEHOP PlACTICS. Bw 

C. C. AUeo, LcdBter en KBrinvW 
UuBicipal Technical lutltnte, CoHMcr. 
Wth ouioy DiasiEBa. Cr. hm. at. 



Hftadbooks of Theology 



Tbe Kties a inteaded, io part, t( 
Theolocr with tnutwonbr Teztboolu, Edeqtutely 
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of the quefitioBS dealt with ; in part, to make accessible to the reading: public an 
aocorate and concise statemmt of £scts and principles in all questionsbearing on 
Theology and Religion. 



Tm XXXIX. AxTiCLBS of tub Church of 
Ehgulnix Edited by E. C. S. Gibton, 
D.D. Pifih and Oua^ BdiHon in #«k 
Vobtmt* Dtmy 8tw. xax. 6d, 

An Introduction to the History or 
Rbugion. By B'. B. Jevons. M.A., 
Litt.D. Third Aiiti&n, Demy^o, iot.6d. 

The Doctrine of the Incarnation. By R. 
L. Ottky, D.D. Seumd and Cheaper 
Editien, Demy 8ctf. zax. ftd. 



An Introduction to the Histort or the 
Creeds. By A, fi. Burn, .D.D Demty 
Bvw. zor. id. 

The Philosophy or Religion in England 
AND America. By Alfred Caldeoott, D.D. 
Demy Sew. lof . 6aL 

A History of Early Christian Doctrine. 
By J. F. Bethune-Baker, M.A. D^k^^oo, 
xof. td. 



The Westminster Oommentaries 

General Editor, WALTER LOCK, D.D., Warden of Keble College. 
Dean Ireland's Professor of Exegesis in the University of Oxford. 

The object of each commentary is primarily exegetical. to interpret the author's 
meaning to the present generation. The editors will not deal, except very subor 
dinately, with questions of textual criticism or philology ; but, taking the English 
text in the Revised Version as their basis, they will try to combine a hearty accept- 
ance of critical principles with loyalty to the Catholic Faith. 

Thc Book op Genesis. Edited with Intro- 

duction and Notes by S. R. Driver, D.D. 

Fifth Edition Demy 8tw. xor. 6^/1 
The Book of Job. Edited by E. C S. Gibson, 

D.D. Second Edition, DemyZvo. 6f. 
The Acts op the Apostles. Edited by K. 

B. Rackham, M.A. Demy Boo. Third 

Edition, los, 6d, 



The First Epistle op Paul ti:b Apostle 
TO the Corinthians. Edited by H. L. 
Goudge, M.A. Demy 8cw. 6f. 

The Epistle op St. Jambs. Edited with In- 
troducdon and Notes by R. J. KnowUng, 
D.D. Demy Zvo, (a. 

The Book op Ezbxiel. Edited H. A. Red- 
path, M.A., D.Litt. Demy 8w. zo«. id. 



Part H. — Fiction 



Adderley(fl9n. and Rev. James), Author 
of * Stephen Remarx.' BEHOLD THE 
DAYS COME. Cr. Zvo. w. 6d. 

Albanesi (B. Maria). SUSANNAH AND 
ONE OTHER. Fourth Edition, Cr, 
Zvo, 6*, 

THE BLUNDER OF AN INNOCENT. 
Second Ei^ition, Cr. %vo. 6s. 

CAPRICIOUS CAROLINE. Second Edi- 
tion. Cr. 8tw. 6s. 

LOVE AND LOUISA. Second Edition, 
Cr. %vo. 6s, 

PETER, A PARASITE. Cr. Bvo. 6s. 

THE BROWN EYES OF MARY. Third 
Edition, Cr. Svo. 6s, 

I KNOW A MAIDEN. Cr. Zvo. 6s. 

Anstey (P.). Author of *Vice Versd.' A 
BAYARD FROM BENGAL. lUustrated 
by Bbrnakd Paetridge. Third Edition. 
Cr. Zvo, 3«. 6d, 

BajrotCRlcbwdX A ROMAN MYSTERY. 
Third Editioiu Cr,Zvo, 6s. 

THE PASSPORT. Fourth Ed Cr. Zvo, 6s, 

TEMPTATION. Second Ed. Cr.Bvo, 6s, 

CASTING OF NETS. Twelfth Edition, Cr, 
8Mb 6*, 



A NevL Edition, Cr. 



Fifth 

6s. 
Seventh 



DONNA DIANA. 

Ztfo. 6s. 
LOVE'S PROXY. A New Edition. Cr.Zvo. 

6s. 
Baring-Oould (S.). ARMINELL. 

Edition, Cr. Zvo. 6s, 
URITH. Fifth Edition. Cr.Zvo. 
IN THE R(5aR of THE SEA. 

Edition. Cr. Zvo. 6s, 
CHEAP JACK ZITA. Fourth Edition. 

Cr. Zvo. 6s. 
MARGERY OF QUETHER. Third 

Edition, Cr. Ztfo, 6s. 
THE QUEEN OF LOVE. Fifth Edition. 

Cr. Zz/o. 6s. 
JACQUETTA. Third Edition. Cr.Zvo. 6s. 
KITTY ALONE. Fi/th Edition. Cr.Zvo. 6s. 
NOEMI. lUustraUd. Fourth Edition, Cr. 

Zvo, 6s, 
THE BROOM-SQUIRE. Illustrated. 

Fi/lh Edition. Cr. Smu 6s. 
DARTMOOR IDYLLS. Cr. Zvo, 6s, 
THE PENNYCOMEQUICKS. Third 

Edition. Cr. Zvo. 6s. 
GUAVAS THE TINNER. Illustrated. 

Second Edition, Cr. Zvo, 6$, 



OF THE STEWPONKV. lllu- 
Sttmi SJtIian. Cr.ant. fii. 

IB PRIEST. Cr. tvt. Si. 

SD. lUiiurMML SretrnJ S^Htm. 



lUIiDf Km 
Ih A.). . 



DEKNESS. C'. e< 
ibMt). IN 

lis. TUnl BA 
RONG ARM. 

TABLE MANY. Tkird EiUHtn. 

6i. 
JNTESSTEKLA. Thiri EUlitm. 

Si. 
DY ELECTRA. Stand EJilitn. 

6c. 
EMPESTUOUS PETTICOAT. 
led. TlurJ Editien. Cr. Snv. fii. 
■o Shilliut Novdi uul S. Ci 



B. P.) DODO. Fturih BdititH. 

PSlilA. Stctnd Edilam. Cr.tee. 

■io Shjlling Novels. 

(ItUrnnt). SUBJECT TO 

■V. Cr.ltBC. y.6d, 

OB (Balph}. THE MILL. Cr. 



* THE VATE 



WSOFDIANAPL£ASE. TUrd 
. Cr. tl 
' ITAL^ 
AND F 

to 
B'S TRAGEDY. StaadSdUin. 

6i. 
(Rudall). MAVZ. StitmdEdi. 
V. tw. 6i. 

(WMtlWrtx)- THE TRAGEDY 
3E GREAT EMERALD. Cr. 

isrXXt OP A BUNGALOW. 






tarieL A ROMANCX OP TWO 

DS. Tmt-trSmnik Bdltim. Cr. 



VENDETTA. Ttvtnts-Ftarik Edilim. Cr. 

8tw. it. 
THBLHA. TkirlyJ'i^k Edilitn. Cr.tat. 

ARDaTH: the STORY OF A DEAD 

SELF. Smnlailh Edilim. Cr. hw. «i. 
TKKSOIILOFLILITH. FtmrUtnth Edi- 

lirm. Cr.Sff. 6l. 
WORMWOOD. PifltnlkKd. Cr.^tt. &i. 
BARAUBAS: A DREAM OF THE 

WORLD'S TRAGEDY. Firty^uKKl 

EdiUn. Cr. 8». ti. 
THE SORROWS OF SATAN. Ffflyjint 



GOD'S GOOD MAN: A SIMPLE LOVE 
STORY. EltoHiH EdUim. Cr. aw. it. 

THE MtGHTV ATOM. Tamlj-Hilk Edi- 
llm. Cr.irt. tl. 

BOV:>SlLcIch. NMhEdiUtm. Cr.tBt. ti. 

CAMEOS Tatlftk EditiaM. Cr.tai. fit. 

JANt. ANraiEdilin. Cr. Bw. fit. 

CotM (Mn. Svanrd). Sec San Jwnatu 



IlliuliUHl. Smtud 
Bur (Rabat). 

Sn>. 6i. 
of 'The Raidin,' 



Edititii. Cr. Sw. tl. 



THE _ 
Craetutt <S. R.), i 

*tc. LOCHINV/ 

Ediliin. Cr. 8m. 

THE STANDARD BEARER. Ct 

" ■ B. «.X THE OLD CANTON- 



llliutntcd. 



(B. «.X 

MENT. Cr. Bm. 
JOHANNA StoMdEA/i 
Tl— 



. Cr.An 



HE HAPPY VALLEY. TUffrf Md/tim. 

Cr.tot. &i. 
A NINE DAYS' WONDER. TtbJ 

Sdilim. Cr.tor. it. 
PEGGY OF THE BARTONS. SUth 

EdiHtH. Cr. Sw. 6t. 
ANGEL. FaartkEdiiint. Cr. Im. it. 
A STATE SECRET. TMrd BdiUnt. Cr. 

8w. v-id. 
CnxhUfnUrA DISCIPLES. Cr.ls*. ti. 
- CA. J). DANIEL WHYTE. 



C-i 



Km (A. i\ 
•m Of. mT 
- (SUty). — 



OTHER PAlnf. 

Dvrta*^ 'coon). Aadn of 'ShiriDck 
Rohnai^ 'Tba Whit* Coanar,' etc. 
ROCjND the red ijSSr Ttaf* 

Donen (Sua liinaiHi) (Mw. Iwnrt 
Com), those DCLIOHTTUL 

AMERICANS. IQiuMUd. — ' '-"Tr 
_Cr.BM Si. SwahoSU^IIonli. 
nadlrtvp. H.)^TH> GRSec ORATBS 

OF BALCOWXIE. MM -ffiiii 

Cr.aHL «i. 
THE LADDER TO THS8TAKS. J^^ 

ACMh. Cr.lw. «t. 
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Pindlater iNUry). A NARROW WAY. 

Third Edition. Cr. 8cw.. fix. 
THE ROSE OF JOY. Third Edition. 

Cr. Zvo. 6s. 
A BLIND BIRD'S NEST. Witli 8 Illas. 

tratjont. Cr. 8cw. ts. 
See also Shilling Novell. 
HtSMtrick (K.) THE WEANS AT 

ROWALLAN. Illustrated. Sgcond Edi- 
tion, Cr. 8cw. 6s. 
Pltzjtcplien (Qenld). MORE KIN 

THAN KIND. Cr, Bvo. 6s. 
Pnmds (M. B.). STEPPING WEST. 

WARD. Cr.Boo, 6s. 

Pk«fer (Mrs* Harh), Author of* The Stolen 
Emperor.' THE SLAKING OF THE 
SWORD. Cr.9vo. 6s. 

IN THE SHADOW OF THE LORD. 
Second Edition. Crown Stw. 6s. 

PnUer-Maithiiid (Ella), Author of * The 
DavBookofBethiaHardacre.' BLANCHE 
ESMEAD. Socond Edition, Cr.Bvo. 6s. 

Oatef (Eleanor), Author of ' The Biography 
of a Prairie Girl.* THE PLOW-WOMAN. 
Cr. Bvo. 6s. 

Qerard (Dorothea), Author of ' Lady Baby.' 

THE CONQUEST OF LONDON. 

Second Edition. Cr, Bvo, 6s. 
HOLY MATRIMONY. Second Edition. 

Cr. Bvo. 6s. 
MADE OF MONEY Cr. Bvo. Gs. 
THE BRIDGE OF LIFE. Cr. Bvo. 6s. 
THE IMPROBABLE IDYL. Third 

Edition, Cr. Bvo. 6s, 
See also Shilling Novels. 
QUslOff (OeorgeX Author of * Demos,' ' In 

the Year of Jubilee,' etc. THE TOWN 

TRAVELLER. Second Ed. Cr. Bvo. 6s. 
THE CROWN OF LIFE. Cr. Bvo. 6s. 
Uleiff ((diaries). BUNTER'S CRUISE. 

Illustrated. Cr. Bvo. 31. 6d. 
Hamilton (M.J, Author of 'Cut Laurels.' 

THE FIRST CLAIM. Cr.Bvo. 6s. 
Harraden (Beatrice). IN VARYING 

MOODS. Fourteenth Edition, Cr.Bvo. 6s. 
HILDA STRAFFORD and THE REMIT- 

TANCE MAN. Twel/ih Edition, Cr. 

Bvo. 6s. 
THE SCHOLARS DAUGHTER. Fourth 

Edition. Cr. Bvo. 6s. 
Harrod (P.) (Frances Porbea Robertson). 

THE TAMING OF THE BRUTE. Cr. 

Bvo. 6s. 
HerbertMn (Affnoa U.). PATIENCE 

DEAN. Cr. Bvo. 6s. 
Hlcbena (Robert). THE PROPHET OF 

BERKELEY SQUARE. Second Edition. 

Cr. Bvo. 6s. 
TONGUES OF CONSCIENCE. Second 

Edition. Cr. Bvo, 6s, 
FELIX. Fi/ih Edition. Cr.Bvo. 6s, 
THE WOMAN WITH THE FAN. Sixth 

Edition. Cr. Bvo, 6s, 
BYBWAYS. Cr.Bvo. 6s. 
THE GARDEN OF ALLAH. Fi/Uenik 

Edition. Cr, Bvo. 6s. 
THE BLACK SPANIEL. Cr. Bpo, 6s. 



THE CALL OF THE BL(X>D. Sevemih 

Edition. Cr, Bvo. 6i, 
Hobbes (John Oliver), Author of ' Robert 

Otange.' THE SERIOUS WCK>ING. 

Cr, Btfo. 6s. 
Hope (Anthony). THE GOD IN THE 

CAR. TentA Edition. Cr. Bvo, 6s, 
A CHANGE OF AIR. Sixth Editimu 

Cr. Bvo. 6s. 
A MAN OF MARK. Fifth Ed. Cr. 8b#. 6x. 
THE CHRONICLES OF COUNT AN- 
TONIO. Sixth Edition, Cr.Bvo. 6s. 
PHROSO. Illustrated by H. R. Miujot. 

Sixth Edition, Cr.Bvo, 6s, 
SIMON DALE. Illustrated. SevmtAEditiom, 

Cr. Bvo. 6s, 
THE KING'S MIRROR. Fourth Edition, 

Cr. Bvo. 6s. 

?UISANTE. Fourth Edition. Cr. Bvo. 6s. 
HE DOLLY DIALOGUES. Cr.Bvo, 6s. 
A SERVANT OF THE PUBLIC Illus- 
trated. Fourth Edition, Cr. Bvo, 6c 
Hope (Qraham), Author of * A Cardinal and 

his Conscience,* etc, etc THE LADY 

OF LYTE. Second Edition, Cr.Bvo. 6s. 
Houjrh (Emerson). THE MISSISSIPPI 

BUBBLE. Illustzated. Cr.Bvo. 6s. 
Hottsman (Clemence). THE LIFE OF 

SIR AGLO VALE DEGALIS. Cr.Bvo. 6s. 
Hyne (C. J. CotcUtfe), Author of ' Captain 

Kettle.' MR. HORROCKS, PURSER. 

Third Edition, Cr.Bvo. 6s. 
PRINCE RUPERT, THE BUCXANEER. 

Illustrated. Cr. Boo, 6s, 
Jacobs (W. W.). MANY CARGOES. 

Twenty-Ninth Edition, Cr. Bvo. \s, 6d. 
SEA URCHINS. Twe(/ih Edition., Cr 

Bvo. 3x. 6d. 
A MASTER OF CRAFT lUustrated. 

Seventh Edition. Cr. Bvo, %s. 6d. 
LIGHT FREIGHTS. Illustrated. Sixth 

Edition. Cr. Bvo. xs. 6d. 
THE SKIPPER'S WOOINC;. Ei^htik Edi- 
tion, Cr. Bvo. xs. 6d. 
DIALSTONE LANE. lUustrated. Seventh 

Edition, Cr. Bvo, 3/. 6d, 
ODD CRAFT. Illustrated. Seventh EeU' 

tion. Cr. Bvo. xs. 6d. 
AT SUNWICH PORT. Illustrated. 

Seventh Edition. Cr. Bvo. v* ^>d. 
James (Hennr). THE SOFT ^IDE. .S^cm^/ 

Edition. Cr. Bvo. 6s, 
THE BETTER SORT. Cr. Bvo. 6s. 
THE AMBASSADORS. Second Edition, 

Cr. BfHf. 6s. 
THE GOLDEN BOWL. Third Edition, 

Cr. Bvo. 6s. 
Keays (H. A. Mitchell). HE THAT 

EATETH BREAD WlTH ME. Cr. 

Bvo. 6s. 
Kester (Vanffhan). THE FORTUNES 

OF THE LANDRAYS. Cr. Bvo. 6s. 
Lawless (Hon. Emily). WITH ESSEX 

IN IRELAND. Cr. Bvo. 6s, 
See aUo Shilling Novels. 
LoQneax(W.). THE HUNCHBACK OF 

WESTMINSTER. Third Edition. Cr, 

Bvo. 6s, 



THE CLOSED BOOK. Third EdiiU 



THETHRONK. Tiird . 
t. Ob 
YaaU (5.). OKRAl.V. 

'(JKkj. Atl'lhor'of 'Th. Ci 



Wiid.- 'Tb< 
LM>a(E. v.] 






M-CaiUqrUufUnH.), AaihoroF-IMwer 
Klna.' THK LADY OF LOYALTl 
HOUSE. lUiutnli.d. TkirdEdUim. C, 



in(S.). THEFOKTONEOF 

\.iin.io 1 1 KA MACN AG, Third EditiaH. 

Cr.tve. 61. 
flUMJLDCBB). COLONKI. tNriEKRV'S 

WIPE. Fnrlk Kdiun-. Cr Stv. 61. 
A COUNSEL OF PERFECIION An, 

Edflian. Cr. Sw. 61. 
THE WAGES OF SIN. Fi/ltmlk Edilirm, 

Cr.bxL 6.. 
THE CARISSIMA. J-omrIk Bdilian. Cr. 

B» it. 
THE GATELESS BARRIER. FturthEdi- 

tin. Cr. Bus. tt. 
THE HISTOKV OF SIR RICHARD 

CALMADY. Xi-jinlhEdiliiit. Cr.Sn. 6f. 
S«. alw BogLi for Itt^smnd GLrl>. 
nbmXMr*. M. e.). OLIVIA'S SUMMER. 

SiccHd Edilioi. Cr.Siv. 6j. 
A LOST ESTATE. A Nm Kditiia. 

Cr. tvt. 6i. 
THEPARISHOFHILHV. ANtwEdifi^ 

Cr.bv. 61. 
THE PARISH NURSE. F<mrlA EJiliBm, 

O-.SsA 61. 
RRAN'MA'S JANE. Cr. tvt. 6i. 
MRS. PETER HOWARD. Cr.i^-i. 6.. 
A WINTER'S TALE. A .VVw Edilion. 

Cr, 81V. fa. 
ONE ANOTHER'S BURDENS. A Xtui 

EdilioH. Cr.t:v. 61. 
ROSE AT HOSEYPOT. TAird Ed. Cr. 

em. 61. See ■ImBdoIii fin Roys anil G:iI>. 
Tlir. MEMORIES OF RONALD LOVE. 

THK Eg'lAMORE PORTRAITS. TUrd 

IHarriott ' (Cliarlu), 'Aaihot oT "Tlu 
Column.' GENEVRA. iiand EditirM. 

nUrih (Rlchud). THE TWICKENHAM 
PEERAGE, SindEdilin. Cr.tvt. 61. 

THE MARQUIS OF PUTNEY. Stand 
Et^litH. Cr.»vr. 61. 



iKKVICE OF LOVE. 



GklFFOKGRIKFlTHSCOURT. I 
TilE FERRYMAN. Stcnd Editit 



TIIE RAGliED tIESSENGER. Tkird 
iieiMk Edi- 

th'e^countessof mavbury. a 

tftv Edilitm. Cr.t^v. 61, 
ODD LENGTHS. Cr. itt. ii. 
MudcCUT.). DRIFT. Siamd EdUUm. 

Cr. Srw. 61. 
RESITKGAM. Cr. Sco. &i. 
VICTORY. Cr. Eiv. 6i. 

S« alM) Booki (di Bon >nd Giili, 
Melton (R.). CESAR'S WIFE, i'remrf 

Edilirm. Cr, Sm 6j. 
Meradltb (EUti). HEART OF MV 



LIVING LIES. Cr. 



^i"^^' .■ 



'^•'S>-^. 



THE 
THE 



GREAT RECONCILER. Cr. U 
IKItlsrd (Bcrtru ' " 

SPIDSR. Ilk 

Cr. ivt. V. id. 
IN THE WHIRL OF THE RISING, 

Thhd Edillt,!. Cr. Si», 61. 
THE RED DERELICT. Stcamd Edilitn. 



^}^^y}.: 



.<f;. 



II Ihc 



k CHILD OF THE JAGO yiftk EdOi 

TO LONDON TOWN. Steamd EdiU 

Cr. ecu Sl 
cunning MURREI.I- (.>.*» 6t 
THEHOLEINTHEWALL. FtunkX 

li,ri. Cr. Bh. 6j. 
DIVERS VANITIES. Cr. Sn, m. 
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Oppenbciiii (B. PhiUliM). MASTER OF 
MEN. Fourth Edition, Cr,^v0. 6f. 

Ozeataam (John), Author of *Barbe of 

Grand Bayou.' A WEAVER OF WEBS. 

Second Edition, Cr, Brw. 6s. 
THE GATE OF THE DESERT. Fourth 

Edition, Cr. dvo, 6f, 
PROFIT AND LOSS. With a Frontispiece 

in photogravure by Hakold Copping. 

Fourth Edition, Cr. 9vo. ts, 
THE LONG ROAD. With a Frontispiece 

by Hakold Copping. Cr, 8cw. 6s, 
Pidn (Barry). LINDLEY KAYS. Third 

Edition. Cr, %oo, dr. 
Pitfker (OUbert). PIERRE AND HIS 

PEOPLE. Sixth Edition. Cr. Svo, 6s. 
MRS, FALCHION. Fiyih Edition, Cr,Zvo. 

6s, 
THE TRANSLATION OF A SAVAGE. 

Third Edition. Cr. Svo, 6s, 
THE TRAIL OF THE SWORD. lUus- 

trated. Ninth Edition, Cr. 8tw. 6s, 
WHEN VALMOND CAME TO PONTIAC : 

The Story of a Lo6t Napoleon. Fi/th 

Edition. Cr. Svo, 6s, 
AN ADVENTURER OF THE NORTH. 

The Last Adventures of 'Pretty Pierre.' 

Third Edition. Cr. 8zv. 6s. 
THE SEATS OF THE MIGHTY. Illus- 

trated. Fourteenth Edition, Cr. ivo, 6s. 
THE BATTLE OF THE STRONG: a 

Romance of Two Kingdoms. Illustrated. 

Fifth Edition. Cr. 8w. 6*. 
THE POMP OF THE LAVILETTES. 

Second Edition, Cr, %vo, y ^* 
Femberton (lVUx> THE FOOTSTEPS 

OF A THRONE. Illustrated. Third 

Edition. Cr. 8tv. 6s. 
I CROWN THEE KING. With lUustra. 

tions by Frank Dadd and A. Forrestier. 

Cr, %vo. 6s. 

PhlllnotU (Bdeo). LYING PROPHETS. 

Tnird Edition. Cr. Bvo. 6s. 
CHILDREN OF THE MIST Fifth Edi- 
tion. Cr. 8u«. 6s. 
THE HUMAN BOY. With a Frontispiece. 

Fourth Edition. Cr. 9po. 6s. 
SONS OF THE MORNING. Second 

Edition, Cr, Bivo, 6s. 
THE RIVER. Third Edition. Cr, Qvo. 6s, 
THE AMERICAN PRISONER. Fourth 

Edition. Cr. Szo. 6s. 
THE SECRET WOMAN. Fourth Edition. 

Cr, Soo. 6s. 
KNOCK AT A VENTURE. With a Frontis- 

piece. Third Edition. Cr. Svo. 6s, 
THE PORTREEVE. Fourth Edition, Cr. 

Svo. 6s. 
THE POACHER'S WIFE. Secord Edition. 

Cr. Svo. 6s. 
See adso Shilling Novels. 

PIckthall (Marmadnke). SAYd THE 
FISHERMAN. Fi/th Edition. Cr.Svo. 
6s. 

BRENDLE. Second Edition. Cr.Svo. 6s. 

THE HOUSE OF ISLAM. Third Edi- 
tion, Cr, Svo, 6s, 



*Q,* Author of *Dead Man's Rock.' THE 

WHITE WOLF. Second EdiHots, Cr, 

Smom 6t, 
THE MAYOR OF TROY. FomrikEsUtion, 

Cr, Svo. 6s, 
MERRY GARDEN AND OTHER 

STORIES. Cr, Svo. 6s. 
Rawson (Maod Stepney), Author of 'A 

Lady of the Regency.' *The Laboarer's 

Comedy,' etc. THE ENCHANTED 

GARDEN. Cr.Svo. 6s, 
Rhys (Grace). THE WOOING OF 

SHEILA. Second Edition, Cr, Svo. 6s. 
RMge (W. Pett). LOST PROPERTY. 

Second Edition. Cr. Svo. 6s. 
ERE. Second Edition. Cr.Svo. 6s, 
A SON OF TH E STATE. Second Edition, 

Cr. Szfo. 3S. 6d. 
A BREAKER OF LAWS. A New Edition. 

Cr. Svo. 3*. 6d. 
MRS. GALER'S BUSINESS. Illustrated. 

Second Edition. Cr. Svo. 6s. 
SECRETARY TO BAYNE, M.P. Cr. 8tw. 

T^E WICKHAMSES. Fourth Edition. 

Cr. Svo. 6s. 
Roberts (C. O. D.). THE HEART OF 

THE ANCIENT WOOD. Cr.Svo, 3s. 6d. 
RusseU (W. Clark). MY DANISH 

SWEETHEART. Illustrated. F(/ih 

Edition, Cr, Svo. 6s. 
HIS ISLAND PRINCESS. Illustrated. 

Second Edition. Cr, 6vo. 6s, 
ABANDONED. Second Edition. Cr, Bm. 6s. 

See also Books for Boys and Girls. 
Sergeant (Adeline). BARBARA'S 

MONEY. Cr. Svo, 6s. 
THE PROGRESS OF RACHAEL. C». 

Svo. 6s. 
THE MYSTERY OF THE MOAT. Second 

Edition. Cr. Svo. 6s. 
THE COMING OF THE RANDOLPHS. 

Cr, Svo. 6s. 
See also Shilling Novels. 
Shannon. (W.F.) THE MESS DECK. 

Cr. Svo. 3f. 6d, 
See also Shilling Novels. 
SheUey(Bertha). ENDERBY. Cr.Svo, 6s. 
Sidgi^idk (Mrs. Alfred), Author of ' (^n- 

tbia'sWay.' THE KINSMAN. With 8 

Illustrations by C. E. Brock. Second Ed. 

Cr. Svo. 6s. 
Sonnichsen (Albert). DEEP-SEA VAGA- 

BONDS. Cr.Svo. 6s. 
Snnbnry (George). THE HA'PENNY 

MILLIONAIRE. Cr. Svo. y. 6d. 
Thompson (Vance). SPINNERS OF 

LIFE. Cr. Svo. 6s. 
Uranhart (M.), A TRAGEDY IN COM- 
MONPLACE. Second Ed. Cr. Svo. 6s. 
Walneman(Panl). THE SONG OF THE 

FOREST. Cr.Svo. 6s, 
A HEROINE FROM FINLAND. Cr, 

Svo, 6s, 

See also Shilling Novels. 
Waltz (B.C.). THE ANCIENT LAND- 
MARK : A Kentudcy Romance. Cr. 9ifo. 

6» 



r FORTUNE. 

TWISTED EGLANTINE. VWth t niu- 
tmieubrPuMKCBAic. rkird Xdititm. 

THE FIGH TOBY. With > FmtiiiiiKie. 

TUrd Sdllitm. Cr.gvt. if 
A KIDSUMHER DAY'S DREAH. 

StuHd Edilitm. CtShl 6i. 
5«>1» Shilliu Nordb 
Walla (H. a.). THE SBA LADY, Cr. 

^Fiucfc' UNDER THE RED ROBE. 
With llhuttuioDi by R. C Wwdvilu. 
numUM EdilitK, Cr. tpt. Si. 

ta (ttaiwwt B.), AuihB of ' The Blued 

•tl> CONJUROR-S HOUSE. A 
caoflhermTiuL SmmdEdUUn. 



TrmlL' CONJUR( 



THE PATIENT MAN. .SswW £dll 

Cr.Ut. 6t. 
WUHama (Mamn')' THE BAR. 



m (Mra. C N.), AoUw of • Th* 



THE PRINCESS PASSES. IlInUntMl. 

SmulA SdiiitH. Cr.tw. 6i. 
HV FRIEND TrfE CHAUFFEUR. Whh 

i6 IlluHiuioiu. £4«bt EiHlltn. Cr. 



■rda (Doia Author of 'Uriih the 
iriit- THE PATHWAY OF THE 
3NEER (Nam Audh). Fturlk 



\. MRS. CURGENVEN 



Aartbarel 'Mlaa . 

RECONCILER. 
Battoor (Aodrtw). VENGEANCE IS 

MINE. 
TO ARMS. 

BwlBK-OoBUfS.). I 

OFCURCENV&N. 
DOMITIA. 
THE FROBISHERS. 
CHRIS OF ALL SORTS. 
DAKTMOOR IDYLLS. 
Bwhiw Uue), Aulhot ol 'liiih IdylU.' 

FROM THE EAST UNTO THE 

WEST 
A CREEL OF IRISH STORIES. 
THE FOUNDING OF FORTUNES. 
THE LAND OF THE SHAMROCK. 
- rr (Robart). THE VICTORS. 



'b Shilling KorelB 

Cr. Sm. Clelh, ii. nit. 
THE GREAT 



CAPS IN A. 

BvwiM (0. St* 

THE LAND. 



THIRTEEN EVEN- 

P.), Author af Dodo.' THE 
STRETCH OFF 



THE CHARMER. 



, THE BARRYS. 



ACROSS THE 



A BRANDED NAME. 



Capw (Banurd). AT A WINTER'S 

FIRE. 
Cbeaa«7 (WartfaerW), THE BAPTIST 

RINtJ. 
THE BRANDED PRINCE. 
THE FOUNDERED GALLEON. 
JOHN TOPP. 

THE MYSTERY OF A BUNGALOW. 
CUHord (Mra. W. K.). A FLASH Ot 

SUMMER. 
CoMs TboBMa. A CHANGE OF PACE. 

Canrtord <L. Copa). 90NS OF AOVER. 

SITY. 
CottareU (Conatance). THE VIRGIN 

AND THE SCALES. 
Cmw (StapbaB). WOUNDS IN THR 

-MN. 



THE SIN OF 
E POOL IN THE 
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n-(JaiMH.). ADAUGHTEROF 

STRIFE. 
~ 'btar (IVtary). OVER THE HILLS. 
rtapbda (d.J. MORE KIN THAN 

n5. 



(R. E.). THE SWORD OF 



PWTMt (R. 

AZRAEL. 
PrancUtM. B.> MISS ERIN. 
Oallon CTMb)- RICKERBV'S POLLV. 
OMUtf (pMVtbM). THINGS THAT 

HAVE HAP PEN ER 
THB CONQUEST OF LONIXIM. 
THE SUPREME CRIME, 
QUdirlaKR. Mnrrayl. WILLOWBRAKR 
Olaavlirc (BroMt). THE DESPATCH 

RIDER. 
THE LOST REGIMENT. 
THS KLOOF BRIDE. 
TH2 INCA-S TREASURE. 
aardOD(Ju1laD> MRS. CLYDE. 
WORLD'S PEOPLE. 
OOM tC. F.). THE REDEMPTION OF 

DAVID CORSON. 
Qray (B. M'QiwaB). MY STEWARD. 

l1alM(A.a.). JAIR THE APOSTATE. 
HuUHoiKLDrdBniest). MARY HAMIL. 

TON. 
HwtImhi <Mn. Bartoat. A PRINCRSS 

OF THE HILLS. IJIuitialed. 

Hoopartl.). —•"'•■-"■" 

rtoub (Bdm 

eObbi.e. 

'loU* (Mn. Caftynl. AN14B MAULE- 
VEREH. 

THE KEEPERS OF 



ARy SENSE. 
NacTtolW. B.). AN OCTAVE. 
MATTHEW AUSTIN. 
THE DESPOTIC LADY. 
OajbutriNnO. THE LADY« WALK. 
SIRROBERrt FORTUNE. 
THB TWO MARY'S. 

«d (M. U). AN ENGLISHMAN. 

<Mra. Prank). A MIXED HAR- 



AGS. 



THE STRIKING 



WOl 



aiUpatts (Bdcfl 
HOURS. 
^NCY FREE. 
.- (RICbUd). TIME AND THB 

OMAN. 

AUNT BETHIA-S 



J (Walter). FORTUNE'S DAR 

RSTDar (Olive l>rattl. ROSAL6A. 
ttbyi (OncB). THE DIVERTED VII^ 

RldurtlBdltta). OUT OFTHE CYPRESS 

Robsrti>ii(M.H.). A GALLANT QUAKER. 
RuwII, (W. Clark). ABANDONED. 
Sanaden (Muihill). ROSE k CHAR- 
LI TTE. 



jSSv' 



J««oa (Ednr). 
THE PEOPLE. 



MENT. 
LorliD '" 



^^INHERITANCE. 

iENTI- 

^(NoraMl. JOSIAHS WIFE. 

Lnih (Charlc* K.). THE AUTOCRATS. 
Macdomll lAnna , THE STORY OF 

TERESA. 
Macrntli 

CROWN. 
HUGkI*J_l»itdlaaBnulf(ird). THEyoiCE 

AND 



IN THE DESERT. 
flUrcb (Rlcfavd). THE .' 
~-E UNf 



(AdBllBc). ACCUSED a: 
iCR. 

I'S MONEY, 

THE ENTHUSIAST. 

A GREAT LADY. 

THE LOVE THAT OVERCAME. 

THE MASTER OF BEECHWOOD. 



K MYSTERY OF THE MOAT. 
inE PROGRESS OF RACUAEL. 
Shannon (W. P.). JIM TWELVES. 
Stepbcni CR. ft.). AN ENEMY OF THE 

KING. 
Stnlfl(e.ll.). ELMS LIE'S DRAG NET. 
Strint«-(Arthar).THESlLVER POPPY. 
Stout (eimtl. CHRISTALLA. 
A WOMAN OF FORTY. 
SatbertandlDiKhB** ol). ONE HOUR 

AND THE NEXT. 
Swan(Annla]. LOVE GROWN COLD. 
Swift (BmJaBln). SORDON. 



THB UNSEEN. 



GARNERED. 

A METAMORPHOSIS. 

MARVELS AND MYSTERIES. 

BOTH SIDES C- "■■" 

MnallU. W.). 

SYREN. 
Mrada (L. T.). RESURGAM. 
MoBkhBHK (Allan). LOVE IN A LIFE. 

"tEi^""' t"= "^"^"T PUNC- 



q9aj 



QUAKER. 
I TbmiUDn<VancaX SPINNERS OF 
, LIFE. 
I Tralfard'Taantan (Mra. E.W.). SILENT 

DOMINION. 
' Upward(Ail«i). ATHELSTANE FORD. 
Walneman (Paal). A HEROINE FROM 
' FINLAND. 
BY A FINNISH LAKE. 
WataonlH. B. MarrlDttl. THESKIRTS 
OK HAPPY CHANCE. 
' 'Zack,' TALES OFDUN5TABLEWKIR. 



The GrrriHC Will of Dobwiht. Bv Mr». 

W. K. CiiXoti._Stand£JiHtH. 

CuiIkII. 
Colliniwosd. 

I.1TTLB l^T.. 



Books tar Bori and Otrla 

lUmtraltd. Crvwn Siw. 31. fxL 



'Room Don. By Sdith &. 
TKX jDurr. Br Hury 
Br Ldcu Hrnkt. StrmiJ 

RoCKAnLUUl'l VOTAQE. By W. 

■KT or Hadahx de Mohldc. By 



KuiT Gin 
The HOHOt 

SifmJE, 



rOH : Or, ttiE BoT vho mold Bat fa 

ByG.HuivaicFcDn. 
> GuHOE. By Mri. MalawsTth. 
ir^TH* PntLE. By L. T. Mnilt. 

'^yL.T, M«dt a.6i. 
ABLE Mill. By L. T. Mud*. 

ICE A PitmcE. By Mn. H. E. 

;> COMU KoHS. By Mn. M. F, 



The KoT6lB of Alozsndre I>iuaM 



M 6tf. DmiiU Vr/mmi 



Ecubli vXdul 






of Duccn Mmteck. 
The Ladt or Mohw 



I The Thus MusxETEEEh With a loni 

. BcinclhcGntpuT orj lucroducuon by Andraw I,*n[. Doublt 

BcJBi the uegnd p«t TVentv ViAR!t Ama. Deubk Tolnm*. 



Hethnoa'B Bizpennf Books 

i(e. M.). LOVEAND LOUISA. 1 THE MUTABLE MAKY. 
(Jus). PRIDE AND PRE- B«aMii(B. P.). DODO. 



JUDICl 
=— '» 
r (Andnw). 

BarlH-Oaald (S.). FURZE BLOOM. 

CHEAP JACK ZITA. 

KITTY ALONE, 

URITH 

THE BROOM SQUIRE. 

IN THE ROAR OP THE SEA. 

NOEML 

A BOOK OF t-AIRV TALKS. Illnitnlnl. 

LITTLE TUTENNV, 

THK FROBISHERS. 

WINEFRED. 

Bbt (RobarU. JENNIE BAXTER, 

JOURNALIST, 
■ M THE MIDST OP ALARMS. 
THE COUMTESS TKKLA. 



I JAPAN. 
Bortoa g. BkNudillE}. ACROSS THE 

SALT SEAS. 
>Mtn(Mn).,ClMi). ANNE MAULE- 

I Cua ^amwd). THE LAKE OP 

I CWIdrt Otn. W. KJi A PLASH OP 
SUMMER. 
MRS. KEITH'S CRIME. 
' CoobM (P. Nwi«y«}L THE NICGBR 
I KNIGHTS. 

' Cortott Uoltaa}. A BUSINESS IK 
GREAT WATERS. 
Crokw Ulra. B. M.^ PEGGY OP THE 

BARTONS. 
h. STATE 3SCKIT. 



